English Edition of 


INERTPOCBASb 


a Published by the American Institute of Electrical Engineers 
_ with the aid of a grant from the National Science Foundation 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
Established 1884 


345 East 47th Street 
New York 17, New York 


Warren H. Chase, President 

N.S. Hibshman, Executive Secretary 

C.E. Dean, Technical Vice Pesident, Communications 
W.F. Denkhaus, Director of Publications 

L.G. Abraham, Chairman, Communications Division 


The English edition of TELECOMMUNICATIONS is published by the 
American Institute of Electrical Engineers with the aid of a grant from 
the National Science Foundation. ©1961 by American Institute of Elec- 
trical Engineers. Also published under the same arrangements are the 
Russian electronic journals RADIO ENGINEERING AND ELECTRONIC 
PHYSICS and RADIO ENGINEERING. 


TELECOMMUNICATIONS 

(3JIEKTPOCBSA3b) 
: Publication of the 
A.S. Popov Technical Society of Radio Engineering and Telecommunications 


Translated and Produced 
by 
Royer and Roger, Inc. 


R 


Translation Editor: Jack Warren, Columbia University 


AIEE REVIEW COMMITTEE FOR TELECOMMUNICATIONS 


H.F. May 
Bell Telephone Laboratories, Inc. 
Chairman 


. Cooley A.E. Joel D.L. Solomon 

. Fowler S.T. Meyers F.W. Smith 

. Frost W. Miller J.C. Walters 

. Hollins L. L. Robinett G. Worthen 
R.B. Shanck 


Subscriptions to Telecommunications should be sent to AIEE 
Special Subscription Department 
41 East 28th Street 
New York 16, New York 


1961 Subscription rates: 
Individuals ee - 
Libraries, institutes, govt. agencies 28.50 10 


12 issues per annum comprising approximately 1100 pages 


.~ 


RADIO-COMMUNICATION BETWEEN 
THE ''VOSTOK-2” SPACESHIP AND EARTH 


Speech of Academician V. A. Kotel? nikov 
at the press conference of 11 August, 1961 


The “Vostok-2” spaceship communicated with Earth by radio. Severe 
specifications were imposed on the radio equipment in securing extremely 
reliable contact with the astronaut at practically any time during the flight, 
in meeting the requirements of light weight and small size, and in minimizing 
power consumption in operation. 

Long-range ship-to-ground communications facilities were represented 
by two space-borne amplitude-modulated short-wave telegraph-telphone trans- 
mitters operating in parallel. As announced, their frequencies were 15.765 
and 20.006 Mc. The output of these two transmitters were connected through 
special crossover filters to a common antenna. 

Over Soviet territory, the ship made use of a third VHF transmitter. 
The VHF band provides a particularly reliable radio contact, since its 
propagation is independent of the condition of the ionized layers of the 
atmosphere and is less sensitive to interference from other stations. 
However, these wavelengths do not follow the earth’s contour very well and, 
consequently, are not suitable for long-distance transmission. 

The VHF transmitter operated at a frequency of 143.625 Mc, was 
frequency-modulated within a bandwidth of +30 kc, and its output was con- 

- nected to a special antenna. Many ground stations on USSR territory re- 
ceived the spaceship transmissions. According to news dispatches, the 
space-borne transmitters were also heard by many foreign stations. 
Ground-to-ship communications were also based on two short-wave frequen- 
cies and one VHF wavelength, the latter reserved for use during flight 

over Soviet territory. For ground-to-ship transmission, the central ground 
operator was able to actuate radio transmitters located in various regions 
of the USSR, depending upon the position of the spaceship at the given time. 

All space-borne transmitters were transistorized with sensitivities 
of a few microvolts. The low-frequency response of the radio channels was 
optimized to obtain the best resolution of speech available under the given 
conditions of noise and interference. For this purpose, the space-borne 
transmitters were provided with input signal symmetrical amplitude limiters. 

The spaceship pilot could transmit either by using microphones 
mounted in the spacesuit helmet, or by resorting to the cabin microphones 
after opening his helmet. 

A telegraph key was available on board in case of poor audibility. 

The key was not used, however, because the propagation conditions were 
excellent. The pilot could use earphones to receive ground signals. In 
this case, one ear received signals from one shortwave receiver and the 
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VHF receiver, while the other ear received signals from the second short- 
wave reciever and an auxiliary broadcast range receiver also available on 
board. The pilot was able to control the volume of these signals to suit 
himself, He could also remove the earphones and listen to three dynamic 
loudspeakers mounted in the cabin. This, however, required the opening 
of his helmet. 

The cabin was further equipped with an “automatic stenographer” — a 
tape recorder. The latter was actuated automatically by the astronaut’ s 
speech. In flight over Soviet territory, the recording was transmitted to 
Earth by the VHF equipment; the transmission speed was about 7 times 
higher than the recording speed to conserve time. In addition to the radio, 
telephone and telegraph communications equipment, the spaceship carried 
television equipment to transmit the astronaut’s image to the ground. Two 
television sets were available on board: a narrowband set, which had been 
used on spaceships before, capable of transmitting images with a resolution 
of 100 lines, and a second set, representing a new wideband system with a 
resolving power of 400 lines. The flight actually constituted a field test for 
the new system. Each system transmitted 10 frames per second, and each 
was provided with a separate VHF transmitter. The television signals 
were received at several locations in the USSR. The ground stations dis- 
played the images on the screens of special television receivers and re- 
corded them on film synchronously with the recording of the physiological 
functions of the astronauts body. Both television systems operated nor- 
mally in flight and afforded the opportunity of observing and recording 
human behavior under conditions of weightlessness. 

The astronaut, German Stepanovich Titov, expressed his high opinion 
of the complex radio equipment in his statement in Red Square: “The radio 
communication performance was so good that I was able to maintain contact 
with my beloved country throughout the entire flight at every point of the 
Outta 

The high reliability and quality of radio equipment were due to exten- 
sive and thorough preliminary preparation. Preliminary flight tests pro- 
vided a complete check of short-wave and VHF communications range, 
evaluated the effect of acoustic noise on intelligibility of speech on the 
launch-to-orbit trajectory, determined the effect of the operating engine 
exhaust jet on radio wave propagation, evaluated the feasibility of simul- 
taneous operation of receivers and transmitters, etc. 

As a result, the communications system was fully checked and adjusted 
before manned flight began. 

The work concerning radio communication with the astronauts fully — 
confirmed the feasibility of communications over much larger distances. 
When our Soviet citizen flies to the planets, he will still be able to com- 
municate with his country and to maintain television contact. 


OPTIMUM NOISE IMMUNITY 


OF SOME PHASE KEYING SYSTEMS 
DURING SIGNAL FADING 


I. S. Andronov 


The article determines error probability as a function of signal-to- 
noise ratio for the case of slow Rayleigh fading for the most widely used 
phase systems. The results obtained for practical relative phase-keying 
systems are compared with frequency-keying systems. 


The problem of noise immunity of phase-keying systems has been the 
subject of many papers ([1], [2], and others). In all cases, however, this 
problem has been dealt with in the absence of signal fading. Since short- 
wave signal fading is one of the chief factors impairing noise immunity in 
telegraph reception, it would be of interest to evaluate the noise immunity 
of basic phase-keying systems in the presence of signal fading. This would 
be particularly appropriate with respect to the relative phase-keying sys- 
tem now being introduced in radio communications links. 

This paper represents an attempt to fill the gap in the treatment of 
this problem at least to some degree. Noise immunity is given for the case 
of slow Rayleigh fading in a simplex system of binary signal transmission 
with carrier phase range of O-m (PT) and in a duplex system with carrier 
phase ranges of + 7/4 and +37/4 (DPT, [reference 3]). The same treat- 
ment is given to the corresponding systems of relative phase keying (RPT 
‘ and RDPT). 

1. It has been noted [4] that the signal envolope varies much more 
slowly in the process of fading on theoretical radio links than does signal 
keying in existing telegraph systems. The amplitude and phase of the en- 
velope may be regarded as constant for several adjacent signal elements. 
This assumption, incidentally, is the basic reason for use of relative phase- 
keying systems in radio communications links ([3] and [5]). 

No particular difficulty is encountered in determining error probabil- 

ity in the presence of slow fading, providing one uses the method suggested 
by L.M. Fink in [1]. For this purpose a transmission coefficient uw, char- 
acterizing the fading process, must be introduced into the expression for 
optimum noise immunity of a system subject to fluctuation noise. This ex- 
pression should then be averaged for all possible values of the coefficient. 

The transmission coefficient 1 is a random quantity. A Rayleigh 
probability distribution of this quantity will be assumed: 


2 
Ho 


W (py =2-+ eae ale (1) 


where bo = Vie is the rms value of HL. 
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Relations for evaluation of noise immunity in PT and DPT systems 
in the presence of fluctuation noise were given in [2]: 


P= + [1—o(V 24)| (2) 


and P — P(h)], (3) 


1 
opt => 


y 
where ®(y)= J exp = oh .dx is a Kramp function and h? is the 
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ratio of signal energy ve specific noise power. 

A direct comparison of expressions (2) and (3) shows that the duplex 
system (DPT) can be represented as equivalent to a simplex system (PT) 
with signal-to-noise ratio of 
seh (4) 


and double channel capacity. This representation is convenient in the so- 
lution of the noise immunity problem of a RDPT system subject to signal 
fading, since it considerably simplifies the mathematical treatment. 

In the general case, the signal-to-noise ratio in the presence of fading 
will be, 


Sh 


where oo” is the specific noise power, T is the duration of a signal ele- 
ment, and Z is the signal in the absence of fading. 


Let Z=a - cos (wt + ¢). 


Substituting the last expression in (3) and considering that in the 
course of slow fading w can be regarded as constant within the interval 
from 0 to T, and that keying the signal carrier frequency is much higher 
than the fundamental, frequency the following expression is obtained after 
computing the integral: 

<2) pegs 2 
(Pots. =+ +h, (6) 
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where hj is the average statistical value of signal-to-noise ratio. 
Then 


ieee ho. (7) 


& 


The error probability of a PT system subject to slow fading shall next 


be determined: 7 
eA zetd fh ha )] 4. (8) 
1) 


and integrating by parts, 


da i | V ho 
Por : ji eat | (9) 
For the DPT system, considering (4), 
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Substituting ( 


The resulting error probability for the DPT system coincides interms 4 
of accuracy with that for the FT system in the case of coherent reception 
and slow fading [1]. 

2. Analogous expressions shall next be found for the RPT and RDPT 
systems. For this purpose, it is necessary to establish a relationship 
between the error probabilities of the PT and RPT systems. This prob- 
lem had been solved by N.P. Bobrov [6] in an original manner. He had 
found that 


Po oy = QP... (1—P.-). (11) 


Inserting Eq. (2) into (11) and performing simple transformations, 


Papp => ll —&(V 2 &)). (12) 


Considering the equivalent form of the DPT system, the RDPT sys- 
tem will have 


Propt= > [1 — H?(h)}. (13) 


Since the amplitude and phase of a few signal elements remain con- 
stant in fading, the Fink method is also applicable here. 

Introducing the transmission coefficient , and averaging (12) and 
(13), the error probability in relative phase-shift telegraphy subject to 
fading shall be obtained in the form, 


Pape =f (o) o [ wm? (Ve is tw)| oy a 
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and Be 
Ys 2 u 
Propr=jW() > [1-¢ (= ho)} ae. (15) 
0 
The derivation of final results can thus be reduced to the computation 


of an integral of the form 
I=f xe [1 — D2 (bx)] dx. (16) 
0 


Integrating (16) by parts, 
I=Jf xe" [1 -—@ (bx) dx = 
0 
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Transforming the variable under the integral sign y=x V1 + 67/2 
and introducing the notation 


Fey 
p2 
A 1+ Ty 
the following is obtained: 
1 at) echlel.. 1 2 
{ob -Y@ (ky) dy= — —k 1, (R), (17) 
2 V 2: \ 5 2 V 2% 
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where 3 ¢ 
1 (kh) =f e7” O(ky) dy. (18) 


Differentiating I, (k) with respect to parameter k, we find 
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(ky=f eo" OD (ky) ydy = 
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- V2 ‘ 2 Vo@+2 
whence, 
2 1 1 k 
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The integration constant is determined by setting k = 0 in (18), 
yielding C = 0. Inserting (19) into (17), 


ew ia V 2arc tg Cbs 
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pr RE i — arc tg— : ‘ (20) 
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Replacing b by V 2- ho in the case of RPT and by hy in the case of 
RDPT, the final result is obtained: 


1 4 a; he 
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and 


1 4 hy hy x 
Pp = ee arc tg Ve |. (22) 
RDPT 9 z nh 42 42 


For the sake of comparison, the 
error probability expression in fre- 
quency-shift telegraphy shall be given 
for the case of signal fading and in- 
coherent reception [1]: 

; l 
lq rave (23) 

The curves plotted from Eqs. 
(21), (22), and (23) are given in Fig. 1 
(marked 1, 2, and 3 respectively). 

3. Evaluation from the stand- 
point of optimum noise immunity does 
not fully define the quality of a com- 
Figure 1 munications channel, since the channel 

capacity and bandwidth must also be 
taken into account. 


A convenient means of evaluating the quality of a communications 
channel subject to signal fading is the quantity 
Sol 


ao (24) 


where S = In(1/P!) is a quantity charaterizing the noise immunity of the 
channel, I is the rate of information transmission through the channel, I 
is the rate of information transmission through the channel in bits per unit 
of time, and AF is the bandwidth of the channel. 

The quality of communications channels involoving the RPT, RDPT, 
and FT systems, shall now be determined, 

It shall be assumed here that the minimum bandwidth necessary for 
the operation of the RPT and RDPT systems is [3] 


1 
AFapt = Meopt = =F. 


For the FT system, 


2 
AF_ = > = 2AF. 


t 
The transmission rate of the RDPT channel is twice as high as that 
of the RPT and FT systems, all other conditions being equal. Considering 
this fact, 
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Here, P'pp7y, P'pppr and P'rr, are defined by Eqs. (12), (22), 
and (23), respectively. 
Graphical representation of 
the ratios Kpp7/KrT (Curve 1), and 
Krppt/Krt (Curve 2) as functions 


rae of hg are given in Fig. 2. 
Analysis of these relationships 
4 leads to the conclusions that the RDPT 
channel has the best quality of all the 
3 known binary signal transmission 


methods currently used in radio com- 
munications links. 


: In conclusion, I am pleased to 
A express my deep appreciation to Doctor 
f 0 100 +1000 000 of Technical Sciences, L.M. Fink, for 


his thorough review of the manuscript 
and a number of valuable remarks 
which guided me in revising this ar- 
ticle. 
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METHOD OF REDUCING CROSSTALK 
IN RADIO-BROADCASTING 
AND COMMUNICATION CHANNELS 


Ik, Wl, Ielalixene 


The author proposes and describes a method of reducing crosstalk 
in multichannel radio-broadcasting or communication systems with double 
sideband amplitude modulation. 


Multichannel communication systems using frequency separation are 
subject to mutual crosstalk interference between channels due to the non- 
linear nature of the trunkline. In many cases, especially during single 
sideband transmission of broadcast programs, some or all channels in a 
multichannel communication system are amplitude modulated and transmit 
the full value of the carrier and both sidebands. The carrier retention is 
required because of the difficulty in restoring the carrier at the subscriber 
stations, while the retention of both sidebands is dictated by the need to 
secure a low level of nonlinear distortion. 


The crosstalk can be reduced in such a system by a method of modula- 
tion with variable carrier level, also called modulation with constant coeffi - 


_cient (MCC). The MCC method of modulation was investigated long ago [1]; 
it was proposed to save broadcasting transmitter power and failed to receive 
acceptance because of the automatic gain control feature in radio broad- 


cast receivers. The operation of automatic gain control during the reception 


of AM signals with MCC results in a compression of the transmitted band- 
width and increased noise during the quiescent intervals. Furthermore, 
the reduction in carrier level leads to increasing nonlinear distortion in 
the receiver detector. Both shortcomings, however, can be readily elim- 
inated by the development of receivers suitable for the new systems. 

An amplitude-modulated signal with slowly changing carrier, W(t), 
can be represented by 


WI 
u=U, (|! - € iar cos 2¢ | cos wr, (1) 
h Ps / 
see OM Uehara Ue) (2) 
— when (Se = Uae 
U, (t) = Uo min= Uo max — kK’ (U, max — Uge) (3) 


—when U, < Ujg}. 


Here, Ug is the amplitude of the modulating voltage, Udel is the 
constant delay voltage impressed upon the modulation signal rectifier (see 
diagrams in Figures 1-3), k’ and c are coefficients of proportionality, 
while Umax and Ugmax are maximum values of the carrier and the modulat- 
ing signal at maximum modulation. ; 

In the case of a high degree of regulation of the carrier (several hun- 
dred percent) and Udel<Ugmax, the introduction of a delay does not 
appreciably affect the pattern of carrier variation. However, delay does 
lead to rising nonlinear distortion in the receiver because of the increased 
degree of modulation at a low carrier level. In view of this, and also to 
simplify the equations, the following analysis shall be limited to the case 
when Uge] = 0. Then, (2) and (3) will be replaced by 


Uy (t) =U max — X (Uz max — Ue). (4) 
When Ug = 0 
Uo (t) = Uomin= Uo max — KU 2 max» (4’) 
whence 
: — Vomax—Uo min (5) 
Ue max 


Using Equation (5), the expression (4) can be given the form 


10 — p +o — pe, (4’’) 
Uo max 
YD i Uy min 
where p(t) = cons is the relative level of modulation, and p(t) = Ue mae 
max 0 


is the degree of carrier regulation. 

Equation (4) is valid provided k is constant for any value of Ug. 

The limiting case, when the carrier regulation is extended “to zero”, 
is of interest: 


Uypmin=90, K= some (5’) 
2 max 
and substituting (5’) into (4), 
U, (t)=KU,. (4’’) 
In this case, Equation (1) assumes the form 
Ug 
= Q , 
u KU, ( l= hy cos of ) cos Qt (1’) 


and the modulation factor, m = 
In particular, when k=c, m= 
tions (4) and (4’) yield 


c/k, is constant for any modulating voltage. 
1. It may be noted that when k = 0, Equa- 


Up (t) = Up max = Uomin= const, 


which represents the usual amplitude modulation with constant carrier. 
Figure 1 shows one of the possible circuits for variable-carrier 
amplitude modulation, Modulation should here satisfy the following require- 
ment: Any change (a decrease, for example) of the high-frequency voltage 
amplitude at the modulator input should be accompanied by a proportional 
change (increase, in this case) in the degree of modulation. In other words, 
the amplitude of the envelope of the AM oscillations should not depend upon 
the carrier amplitude (of course, up to the point of overmodulation). Con- 
sequently, the carrier regulation process will no longer affect the linearity 
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Figure 3 


of the amplitude characteristic of the transmission channel, even if the 
carrier regulation follows a linear law, i.e. , if k does not remain constant 
for various Ug (as is usually the case because of nonlinear dependence of 
regulated tube gain upon control voltage). It might be noted that it was 
easier to satisfy the above requirement with a diode modulator than with 
grid modulation. 


Ta 


In the case of plate modulation, the degree of modulation does not 
depend upon the amplitude of HF input oscillations. Consequently, the 
carrier must be regulated according to a more complex method, shown 
in Figure 2, and involving a variation in the plate voltage supply. A 
similar method of regulation, based on varying the direct voltage on the 
same electrode that receives the modulating voltage, is possible in con- 
junction with grid modulation (Figure 3), and also with a diode modulator. 

Additional nonlinear distortions may appear in a MCC system during 
the rise and fall of the modulating signal, and also when a constant-level 
modulating signal is accompanied by a poorly filtered control voltage. This 
condition can be avoided by securing a low value of the charge time constant 
in the control circuit detector and a sufficiently high value of the discharge 
time constant. It should be noted that the requirements imposed in [1] upon 
the charge time constant (10-° sec) are too rigidl, since the rise time of 
natural sound does not exceed 5 usec; this is also taken into account in the 
design of automatic control for the dynamic range [2]. Furthermore, non- 
linear distortion becomes audible only when its duration is sufficiently long. 

The analysis of mutual interference between channels shall be con- 
sidered next. Let a nonlinear element, described by a cubic character 
istic? 

u=U_ + auy+ bury? (6) 


receive two amplitude-modulated signals: 


Us, = Yio (t) [1 +°'m, (4) cos Q, f] cos o,¢ + 
+ Uno (t) [1 + mz (t) cos Q5t] cos wot. (7) 


To determine interference due to the first signal at the output of the 
receiver handling the second signal, one should, having substituted Equa- 
tion (7) into (6), separate the terms with carrier frequency uw and contain- 
ing the modulation frequency Q, of channel 1. As a result, 


3 
N= —y Vio (t) Uno (t) m, [2 cos Qf + 


+ 2cos 2\¢ m, cosQot + m, cos? Q, t + m, cos? Q, tm, cos QpF]. (8) 

Interference in channel 2, due to channel 1, can be defined by a fully 
analogous expression. 

The variable carrier system obviously cannot affect the crosstalk at 
the instants of maximum modulation, since at these points the AM oscilla- 
tions in the MCC system do not differ from the conventional AM oscillations. 
When analyzing interference in the second channel, it is desirable to con- 


sider first the pause interval (mp, = 0) in this channel when the crosstalk is 
most noticeable. 


Here, 
3 
IN = ha bUZ, (t) Ung (t) m, [2 cos Q,¢ + m, cos? 2,4). 
Further consideration may be limited to the first term of this expres- 


sion Since it designates the audible noise at the fundamental frequency of the 
interfering signal, while the second term represents distorted noise (at the 


‘This has been confirmed by special verfication: distortion was un- 
noticed when Tcharge = 100 usec. 


The squared term of the characteristic does not generate crosstalk. 
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second harmonic of the interfering signal) of a much smaller magnitude (by 
a factor of 4/m;). 

; To determine the noise-to-signal ratio, the noise amplitude will be 
pees to the useful signal amplitude during the maximum modulation 
signa 


Ng & Yin) m 
S a Ux max™n 
Here Mon is the nominal degree of modulation of the second channel, 
when Us0(t) = Uso max. 
It is clear that the use of the MCC system in the interfering channel 
reduces crosstalk, since expression (9) contains the product 


Uy (t) my = Uy (t) CU, (10) 
where Ujo decrease in the MCC system in comparison to the conventional 


AM system (for the same value of U,Q) according to Equation (4”). 
The crosstalk reduction at time t, for Up = Up(t), will equal 


(N/S) mec 

(N/S) Norm 

The average value of this reduction can be determined over a suffi- 
ciently long period of time, allowing for the development of the statistical 


pattern of the transmission, with the aid of the following [3]: 
0 


= pl)(l—s#) +p. (11) 


(NAS) mcc | Liew if ~(2.94+AL)? 
[ = =a\ Ge (L)emiauiauneats 12 
(N/S) Norm V =} 2) 

where, in this case, 
p(L)= p(1 —p) + 4, (13) 
U 
L=20lg p= 20lg —"—., of p=e?™**.” (14) 
Ug max 


A similar analysis can be performed in the case of interference 
among a large number of channels. If the signals in these channels are 
mutually independent, the improvement will be discernible at any instant 
of time, and its magnitude will be defined by Equation (12). Incidentally, 
multichannel communications systems usually operate with constantly sup- 
pressed carrier. 

Nevertheless, the improvement in the above case will not be partic- 
ularly audible, since at the point of maximum volume of the interfering 
signal, an AM signal with variable carrier does not differ from the con- 
ventional AM signal, and consequently, no improvement will result. 

An astonishing effect, however, is obtained when the carrier is 
regulated in the channel subject to the interference, i.e., in channel 2 in 
the above case. As was suggested above, crosstalk will be considered 
during a pause between signals transmitted over channel 2. Therefore, 
Uno(t) = Uzomin, and Equation (9) shows that noise is reduced by a factor of 


Uo max (15) 
Ux min 


i.e. , in proportion to the reduction of the carrier. 
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To avoid errors, we might note that operation with a constantly 
reduced useful signal level does not offer any advantage, since the sensi- 
tivity of the receiver must be increased in proportion’. The same effect 
as in the MCC system can be obtained by means of a constant suppresion 
of the signal carrier to be restored in the receiver. The receiver circuit, 
however, must be much more complex. 

The case of a low-frequency interfering signal is of interest: 


u, = U;sin 2, £ + Uz (1 + my cos 2; t) cos Lot. (16) 


A substitution of Equation (16) into (6) yields an expression for cross- 
talk in channel 2, 


N= = bU? Uno (cos 22,4 + mz cos 22, t cos Q; 2). (17) 


The first term of this expression corresponds to intermodulation of 
the signal by the second harmonic of the low-frequency interference. In 
contrast with the preceding case, there is no crosstalk at the fundamental 
frequency of the interfering signal. In spite of this, however, the inter- 
ference remains audible. The second term denotes the signal modulated 
by the combined frequencies equal to the difference and sum of the signal 
and second harmonic interference frequencies. The second term is less 
important since it is zero during the quiescent interval of the useful signal 
modulation (m, = 0). It is clear that the use of MCC modulation in the 
channel subject to the interference effect will also in this case decrease 
interference to the extent equal to the degree of carrier attenuation. 

The foregoing discussion concerned attenuation of interference during 
quiescent intervals in useful transmission. When the useful signal is mod- 
ulated, its carrier increases and the advantage of interference attenuation 
decreases, becoming zero at the point of maximum modulation. Neverthe- 
less, the masking action of useful transmission, reaching 23-30 db [4], 
renders the interference rise inaudible (if the degree of carrier regulation 
does not exceed 23-30 db). This effect was verified by experiment in which 
the carrier was attenuated by 20 db during pauses. A higher degree of 
regulation is apparently unnecessary, either due to the interference increast 
accompanying the signal, or because of increasing difficulties involved in 
the achievement of undistorted modulation, amplification of modulated 
oscillations, and detecting. 

The use of the MCC system to attenuate crosstalk imposes additional 
requirements upon the selection of the discharge time constant of the de- 
tector in the control circuit. An excessively slow decrease of the carrier — 
level may result in increased interference audible at the beginning of the 
pause after a loud signal had passed. The discharge time constant should 
therefore be as low as possible. Its lower limit is fixed by the necessary 
audio filtration. It has been experimentally proved that a system charact- 
erized by a 20 db carrier attenuation and crosstalk of -30 db (reduced to 
-50 db by carrier regulation) has a maximum tolerable discharge time 
constant of 50-100 msec. A higher time constant results in a noticeable 
increase of interference at the beginning of the pauses. 

The above method of crosstalk attenuation was used in the design of 


ge 
This does not account for the change in coefficient b in Equation (8), 
which may be decreased by virtue of the shorter segmentof the nonlinear char- 
acteristic, if the useful signal level is commensurate with the noise level. 
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equipment for a multiple-program wire-broadcasting system. The main 
low-frequency channel in this system remains unchanged, while two addi- 
tional programs are transmitted at high frequencies with amplitude modula- 
tion. Measurements have shown that the ferromagnetic properties of steel 
wires, widely used in radio dissemination networks, give rise to consider- 
able crosstalk when the current in the low frequency channel is high (up to 
Several amperes). The main cause of the nonlinearity is apparently hyster- 
esis rather than the nonlinear initial segment of the magnetization curve. 
Figure 4 shows a complex magnetization loop for the case of two signals 
with a large difference in frequencies and amplitudes [5]. The individual 
loops clearly exhibit variable areas and slopes, indicating a variation in 
line inductance and resistance in the high-frequency channel during the low- 
frequency period. The nonlinearity shows a symmetrical pattern. 


Length of line, 4 km; 
terminal load - 4 


(0/S)norm mm steel 


ey eS 
i 78 ke 


Figure 4 


The crosstalk due to the low- 
frequency channel reaches -30 db 
at the auxiliary channels and shows 

_ sharp changes depending upon the 
amplitude and frequency ( /27) of 
the low-frequency signal, and upon Figure 5 
the carrier frequency w,/2z7 of the 
high frequency channels (Figure 5). 

The use of amplitude modulation with carrier regulated by a factor 
of 10 in high-frequency multiple-program broadcasting channels, resulted 

_in a 20 db reduction of crosstalk, in exact agreement with the above for- 
mulas; crosstalk was thus brought down to tolerable limits. The nonlinear 
distortion of the entire auxiliary program line (without loudspeaker) does 
not exceed 3.6% and thus corresponds to the 2nd Class Standard of the 
UTV 526-58 of the Ministry of Communications. The rise in distortion 
accompanying carrier reduction, characteristic of MCC systems, has been 
avoided through the use of a transmitter featuring a diode modulator and 
Class AB output feedback amplifier. The diode detector of a special tran- 
sistorized receiver operates with the signal carrier voltage boosted to 3-5 
volts [6], An automatic volume control was unnecessary in the receiver 
because of the adequate fading stability in the line. Consequently, one of the 
basic disadvantages of the variable carrier modulation method has been 


removed. 


—>4-* low-frequency 
= channel current 
0 a5 lamp 


15 


REFERENCES 


1. Ya. I. Efrussi. Radio transmission with a constant degree of modula- 
tion. “IEST”, 1935, Nos. 5 and 6. 

2. I, Ye. Goron. Radio Broadcasting. Svyaz’izdat, 1944. 

3. N.M. Gol’tsman and N.L. Bezladnov. Analytical determination of 
mean values of the variables occurring during the broadcasting trans- 
mission process. “Elektrosvyaz’”, 1938, No. 5. 4 

4. G.S. Genzel’. Investigation of crosstalk audibility. Coll. ~“Inves- 
tigation of the audibility of distortion in radio broadcasting channels”. 
I, Ye. Goron, editor. Svyaz’izdat, 1959. 

5. A. Ch. Pukhal’skiy. Nonlinear distortion in overhead steel-wire 
communications lines. Candidate’s dissertation. MEIS, 1955. 

6. L. Ya. Kantor. Wire-transmitted reception of three programs. 
Radio, 1961, No. 4. 


Submitted May 10, 1961 


DISTORTION IN TELEVISION TRANSMISSION 
VIA FREQUENCY-MODULATED 
TROPOSPHERIC COMMUNICATIONS LINES 


I, A. Gusyatinskiy 


To evaluate distortion in the transmission of FM television, the 
author has determined the law of frequency variation at the receiver input 
when the transmitter frequency varies in a “trapezoidal” manner. 


There are a number of published reports on the experimental trans- 
mission of television signals via radio communications links, based upon 
the use of long-range tropospheric propagation of VHF [1, 2, 3]. The 
satisfactory quality of the received image leads one to expect that tropo- 
daenbe communications links may be used for the transmission of televi- 
sion [4]. 

However, the multiple-path propagation of radio waves, character- 
istic of tropospheric communications links, tends to distort the picture 
signal. No theoretical investigation of distortion attendant upon television 
transmission along tropospheric communications links has so far been 
published. 


Communications links of this type are mainly frequency-modulated. 
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The problem of picture signal distortion in the case of frequency modulation 
has not been studied to any extent, even when the frequency response of the 
route has been known. The analysis of tropospheric propagation is further 
complicated because of the random, time-varying instability of the tropo- 
spheric frequency response. 

Consequently, the study of distortion in television transmission may 
not be based upon existing theoretical [5] and experimental (6, 7] relation- 
ships for the frequency response of the troposphetic portion of the route. 
Therefore, to evaluate picture signal distortion, the present paper will deal 
with the determination of the transient response of the propagation segment. 

Since the analysis has been carried out for the frequency modulation 
case, it has been necessary to determine the frequency variation function 
at the receiver input when the transmitter frequency varies according to a 
unit step function. Such an analysis method is eminently suitable, because 
the CCIR recommends tolerances precisely with respect to the transient 
response of the route for the evaluation of distortion in television trans- 
mission [8]. 

We shall first consider the case when the transmitter frequency varies 
according to any function 

o= f(t). (1) 


Signals from various reflectors arrive at the receiver point after 
various delay times. If the delay time from a given scattering point is 7, 
this point will reflect, at time t, a signal with a trequency 


o= f(t—%). (2) 

Consequently, at the receiver point, the signal represents a sum of 
a large number of components with various frequencies. The relation be- 
tween the frequency of each component and its delay time is determined by 
Equation (2). 

The amplitudes of the elementary signals depend upon the position of 
the scattering points. This relationship is determined by the directivity 
pattern of the antenna and the angle of scatter of the electromagnetic energy. 
The delay of each elementary signal also depends upon the position of the 
corresponding scattering point. 

Therefore, the amplitude of the signal may be regarded as dependent 
upon its delay time. In general, the dependence of the square of signal 
amplitude upon its delay time shall be designated by 


U? = P(x). (3) 

The intensities of individual inhomogeneities in the atmosphere and, 
consequently, the amplitudes of individual signals, are random and vary in 
time. Consequently, Equation (3) is a random function. 

Averaging the ensemble of amplitude variations of each elementary 
signal results in a regular dependence of the mean square of amplitude 
upon delay time 
OU? = P(x): (4) 


Equation (4) is apparently determined by the directivity diagram of 
the antennas and the variation in the angle of scatter. 

Equations (2) and (4) in parametric form determine the relationship 
between the mean square of the amplitude and the frequency of induvidual 


elementary signals. 
This relationship can also be obtained in an explicit form. For this 


purpose, 7 shall be determined from (2) as 
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t= — (0) +4, (5) 


where ¢(w) is an inverse function of f(t). Subsequently; substituting (5) 
into (4), 


U? = O|—¢(o) + (6) 

Equation (6) represents the dependence of the square of amplitude of 
the elementary signals upon their frequency. Therefore, it determines the 
squared amplitude spectrum of the total received signal at time t. This 
relationship has been averaged over all possible conditions of the scattering 
medium that can occur at time t. Therefore, we have an averaged spectrum 
of the signal for the time t. 

The total signal at the receiver point at time t can be defined by a 
certain instantaneous frequency of random magnitude depending upon the 
condition of the scattering medium. Statistical relationships can be derived 
for this random instantaneous frequency, using the theory of random proc- 
esses [9]. 

The random process can be represented as an oscillation with random 
amplitude and phase; the time derivative of the signal phase should be re- 
garded as the instantaneous frequency. 

Let the amplitude projections of the vectorially represented oscilla- 
tion have a normal probability distribution with zero mean values. 

If the process is stable and its energy spectrum ©(w) is known, the 
mean value of the instantaneous frequency will then be found as 


1 o 
0, ==, | ©D(0)da, (7) 
0 
where 
=f D0) do. (8) 
0 
Frequency deviation from the mean will have an integral probability 
distribution 
1 
WANS ahaa ec (9) 
V+(2) 
Aw 
where 
and ied dahl (10) 
2 1 2 
0, = =, | & (0) do. (11) 


Our problem concerns the fixed time instant, t. Therefore, the 
usual interpretation of the random process as a time change of the signal 
does not apply here. All the states of the scattering medium possible for 
this instant should be regarded as a certain stable random “process” 
(more correctly, a random ensemble). 

The energy spectrum of this process” is apparently determined by 
Equation (6). 

It shall be assumed that total signal amplitude projections at the 
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receiving point have a normal probability distribution with zero mean values. 
Note that this assumption means a Rayleigh distribution for the signal am- 
plitude which has been generally verified by experiment. 

Consequently, we can use Equations (7)-(11) to determine the statis- 
tical relationships for the instantaneous frequency at time t. It shall be 
emphasized again that the problem under consideration is not time fluctua- 
tion of frequency, but rather the possible values of instantaneous frequency 
for a fixed instant t. Therefore, instead of the energy spectrum of the 
random process, Equations (7), (8) and (11) should operate upon the spec- 
trum averaged with respect to all the possible states of the scattering 
medium and determined by Equation (6). 

As a result, one can determine the average value of the instantaneous 
frequency, as well as the maximum deviation of frequency from the mean 
occurring with any given probability, for the time instant t. Consequently, 
Equations (7)-(11) determine the boundaries limiting the frequency variation 
curve of the received signal with any set probability. 

The distortion of a signal of a definite form, recommended by the 
CCIR for testing television channels, shall be considered next. The CCIR 
recommends for these purposes a “trapezoidal” signal shown ‘in Figure 1 {8}. 

The rise time of the signal is reeommended to follow 


ae (12) 


where F is the upper limiting frequency of the video signal spectrum. 

The transmission of television images along tropospheric communica- 
tions links should make use of sharply directional antennas. The width of 
their directivity patterns should not at the most, exceed 1° with respect to 
the half-power angle. 

According to [5], the “directivity” of the troposphere can be neglected 
for such antennas (because of the scatter angle variation), considering that 
Equation (4) is determined only by the directivity pattern of the antennas. 

The directivity pattern of the antennas (in rectangular coordinates) 
shall be approximated by a Gaussian curve, as in [5]. It will also be 
assumed that the delay of elementary signals is mainly determined by the 

altitude of the corresponding reflectors and depends linearly upon this 
altitude. The delay of a signal passing through the intersection point of 
the directivity pattern axes shall be taken as zero. 

Under these assumptions, Equation (4) will also be represented by a 
Gaussian curve and, as can be readily shown, will have the form 


=2C? R? 
ee 0.045 a2 dé (13) 


: Here, % is the width of the directivity diagram with respect to the 
half-power angle, d is the length of the path, c the velocity of electromag- 
netic energy, and R is the effective radius of the earth. 
Let up be the central frequency, while +w6 be the deviation of fre- 
quency when a test signal is supplied to the input of an ideal frequency 
modulator (Figure 1). The variation of frequency of the transmitter will then 


be determined as follows: = ) 
© = @) — 0 RIEL WOES Fee 
@=0, + 54 CaS Ee ar : (14) 


“0 


© = 0 — Os when ¢ > -> 


ils) 


Consequently, according to (6), the inhomogeneity whose delay time 
is T, reflects at a time t a signal with frequency defined by 


EO! 


© = @, — @; when f—7< — 2 


(15) 


o—0, +225 ((_<)when—— Pe bart ee! 
TO 2 2 
© = % + 05 when f —+ > > | 


We are merely interested in the total re- 
ceived signal frequency deviation from central 
frequency «». Therefore, it shall be henceforth 
considered that w = 0, and the transmitter fre- 
quency varies from -w6 to+w¢ when the test 
signal is supplied. Taking the above into ac- 
count, Equation (15) yields 


a a, ee (16) 


Furthermore, substituting (16) into (13), 
the signal spectrum at time t will be 
= ASeDe 


ee °P* when — 0; < @ < ;, (17) é 
Figure 1 
where 
To 
— 03 28 204? 19 
P 0,3 cd cR { 


Where w <~-w¢ in Equation (17), one should assume that 


be hd (20) 
and when w >w¢§ 
© = 5. (21) 
Now, according to (8) 
oo _ (w—d)? 
a= | eae do =V 2x p (22) 


Substituting (17), (20), and (21) into (7), and taking into account (22), 
the mean frequency of the total signal at time t will be 


— tOSOF w§ me (o=-0)2 


1 m8 Bah 
o, () = —— [rae e * dot (woe “de 
V 22 p si nt il 23 
a. AGE 3) 
33 


Similarly, substituting (17), (20), and (21) into (11), the mean-s 
frequency of the signal shall be found: ee pa 
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6 
Computation of the integrals in (23) and (24), and the application of 
(18) and (19) leads to 


“10 = 0516 +1) @)—(8—1) Oey) +0247(e ? —e ?), 08) 


$ 
w(t) 
7 = 1—0,5 (1 — 6° — 0,36 7”) [® (2:) — H (z2)] + 
°§ 
22 Ze 
pit agit 
+ 0,12 (0,1272z, + 4y5)e > —0,12(0,12 722, + 4y5)e ? (26) 
Here 
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T/ 2 


22 (8+ I= EO (5-1); 8 = 
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Afy is the “correlation band” introduced in 5], i.e., a band (at high 
frequency) within which the correlation coefficient between signal amplitudes 
decreases to 1/e. 

In Figures 2, 3 and 4, the dashed 
lines show mean values of frequency 
variation at receiver input (transient 
response), while the dot-dash lines 
describe areas confining the transient 


Figure 2 Figure 3 
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responses with a probability of 90%. 
These curves were drawn with respect 
to normalized coordinates w/w, and 6 
according to Equations (25), (26), (9) 
and (10), with the values of parameter 
y equal to 1, 2, and 3, respectively. 

Note that the parameter, y = 1, 
corresponds, for example, to d =155 
km; Q = 0.5°; F =6 Mc; parameter 
y = 2 corresponds to d = 155 km; Q% = 
= 1° F =6 Mc; and parameter y = 3 
corresponds to d = 220 km; ®=1°% F= 
=6 Mc. 

In the same figures, the solid 
line shows the limits of the transient 
response recommended by CCIR {8}. 

The figures show that when y = 1, 
one can expect a high quality of televi- 
sion image, at least during 90% of the 
time; when y = 2, the transmission of 
television image is possible, although 
its quality may be at times inferior, 
while when y = 3, signal distortion is 
prohibitively high. 

The y parameter has the value of 
2 on two existing tropospheric propaga- 
tion links which in test transmission 
showed satsfactory quality of the tele- 
vision image: d= 300 km; d= 0.5 
F=6 Mc 1; and d= 165 km (taking 
account of antenna elevation); % = ile 
Figure 4 F=6Mc 3. 


CONCLUSIONS 


1. The above theoretical investigation shows that the transmission 
of a television image with frequency modulation is possible on tropospheric 
communications links. However, the usual path lengths of the order of 250 
km requires the use of antennas with high directivity and a maximum dp of 
0.5 

2. The magnitude of distortion in television transmission depends 
only upon the parameter y, i.e., upon link parameters and the spectrum 
width of the video signal, and does not depend upon frequency deviation. 

Therefore, the design of equipment for the transmission of television 
along tropospheric communications links should proceed toward increased 
deviation, since this results in increased signal-to-noise ratio at the re- 
ceiver output. 

3. Theoretical conclusions of {5] and experimental data of {6] and [7] 
show that when the correlation” band Afp = 3 Mc for F = 6 Mc) the use of 
frequency modulation results in a satisfactory quality of the television image. 

This is due to the FM derived effect of “averaging” their regularities in 
the frequency response of thepropagation segment 10 and illustrates the 
advantages of frequency modulation in television transmission along tropo- 
spheric communications links. 
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CAPTURE BAND IN A SYSTEM 
FOR AUTOMATIC PHASE CONTROL 
OF FREQUENCY WITH RLC FILTER 


V.V. Shakhgil’ dyan 


The author analyzes a system for automatic phase control of fre- 
quency with an RLC filter following the phase detector. A method of deter- 
mining the capture bandwidth from filter parameters is given. The the- 
oretical results have been verified by experiment. 


INTRODUCTION 


The method of automatic phase control of frequency (APC) is widely 
used today in a number of modern types of radio equipment. A block 
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diagram for automatic phase control is given in Figure ii, “Ways phase 
detector, PD, receives a voltage at the frequency of standard oscillator, 
SDO, and another voltage at the frequency of the oscillator SYO being 
synchronized. A phase comparison of these voltages results in a control 
voltage which, after the removal of side frequencies Dyetiltereh mis supplied 
to control element CE. Note that filter F removes noise directly affecting 
the standard signal, as well as the combined frequencies generated at the 
output of the phase detector. The form of the amplitude and phase charac- 
teristics of the filter largely determines the filtering capability of the APC 
system, The presence of a filter, a passive element in the automatic phase 
control system produces as we know [1], a difference between the detuning 
modes of the synchronized oscillator, capable of disrupting synchronization 
depending upon the direction of the detuning process: from small deviations 
to large, or vice versa. Figure 2 is a graphical interpretation of this 
process. In the Figure, Awis the deviation of the synchronized oscillator 
from the standard signal. Synchronization is disrupted when detuning 
equals +Awcapt. The frequency devia- 

tion + \weapt will henceforth be called Wsyo .4kEDO 

the capture bandwidth, and the deviation 
+ Awy will be the holding bandwidth of 
the APC system. Beyond the limits 


Figure 1 , Figure 2 


of the holding bandwidth, the system is always subject to beats under any 
initial conditions. When the deviation exceeds the limits of the capture 
bandwidth, but lies within the holding bandwidth, the system may either 
generate beats or remain within the synchronized mode (capture mode), 
depending upon initial conditions. Nevertheless, in this case, the capture 
mode, even if it occurred would be unstable with respect to large disturb- 
ances. When deviations lie within the capture mode, a stable synchroniza- 
tion mode will be established regardless of initial conditions. Therefore, 
the capture bandwidth of the APC system determines the stability require- 
ments of the synchronized SYO oscillator. The desire to lower the require- 
ment standards, at the same time maintaining a high filtration capability of 
the APC system, leads to more complex filter circuits following the phase 
detector stage, since the simplest RC filters fail [I, 2] to provide a broad 
capture bandwidth with good noise filtration. The APC system with RC 
filters was investigated in detail in a number of papers [1, 2, 3]. Report 
[2] contains a detailed analysis of the APC capture bandwidth with a single- 
mesh integrating and proportionally integrating filters as a function of filter 
parameters, given a polygonal characteristic of the phase detector. Report 
{3] represents an attempt to determine the capture bandwidth for two-mesh 
RC filters, also for the case of a polygonal characteristic of the phase de- 
tector. It should be noted that representing the phase detector character- 
istic by means of a triangular curve (polygonal approximation) is valid only 
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for the balanced circuits of the phase detector and only if the amplitudes of 
the supplied voltages are equal. In practice, however, phase detectors use, 
for the most part, mesh circuits which yield a lower number of combined 
frequencies at the output in comparison to balanced detectors. Figure 3 
represents one of the possible phase detector circuits having the load in- 
serted into the diagonal leg of the bridge. According to theoretical analysis 
of such a circuit, the phase detector characteristic, i.e. , output voltage 

as a function of phase shift, is expressed by a curve close to a cosine func- 
tion; the larger the ratio of amplitudes impressed upon the circuit, the 
closer is the approximation. 

For this reason, the polygonal approximation of the phase detector 
characteristic used in [3] to determine the capture bandwidth as a function 
of a two-mesh RC filter cannot be applied to the mesh circuits of phase 
detectors. Consequently, the results of (3] have limited application. 

The present paper is aimed at the 
determination of steady-state stability con- 
ditions, and at the establishment of the 
relationship between the capture bandwidth 

U, [ of automatic phase control as a function of 
the RLC filter parameters when the phase 
detector characteristic has a cosine form. 
The need for such filters is considerable 
in view of the rising requirements to filter 
out side frequencies by the APC circuits. 


We know {2]. that noise filtration should be 
| (ui } considered in relation to a given capture 
bandwidth rather than in the abstract. 
Figure 3 Therefore, to evaluate filtration by the APC 


system with an RLC filter it is necessary 

first to determine the capture bandwidth as 
a function of the filter parameters, and then to compute the filtering capa- 
bility of the APC circuits, based on the obtained data. 


DIFFERENTIAL EQUATION OF APC SYSTEM WITH RLC FILTER— 
STEADY-STATE STABILITY 


It is known [2] that the differential equation defining the APC system, 
having any filter inserted after the phase detector, can be written in opera- 
tor form as follows: 


Pp? + Aa,x (p) F(p) = do. (1) 


It is assumed that the reactance tube characteristic is linear. The 
following is the notation used in Equation (1): gis the phase difference 
between the synchronized and standard oscillators: Awy is the holding 
bandwidth of the APC system; k(p) is the transfer function of the filter in 
operator form; Awis the deviation of the synchronized oscillator with 
respect to the standard oscillator with open automatic phase control; 
F(9) is the phase detector characteristic normalized to the maximum value 
of [F(¢) = 1]. 

Equation (1) shows that at any time in a closed system the sum of 
instantaneous deviation pg and deviation Awy k(p) F (g) introduced by the 
control element equals deviation Aw 


For a cosine form of the phase detector characteristic 9 
F (~) = cos 9. (2) 
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Figure 4 shows the RLC circuit of the L R 


filter. For such a circuit a a ae 


AP) (3) 1 
Perak ay 
“5 


The following eras is used here: 


ee i 4 
©) = —~— the natural frequency of the filter; Figure 
V ic 
a = the damping of the filter. 
9, 
Substituting Equations (2) and (3) into (1), 
Era Se HEP + Aw, cos ¢ = Ao. (4) 


a4 
Introducing normalized times T = uot, relative deviation of the syn- 
chronized oscillator y= a , and coefficient k= ae, Equation (4) is 
transformed into 


wep ++ 9! i+ a9! + cos 7 =¥. (5) 


Kk 


Differential equation (5) defining the behavior of the APC system 
with RLC filter is the starting point in the analysis of the steady-state 
stability of the automatic phase control system. It is now necessary to 
find such relationships among the system and filter parameters as will 
maintain steady-state stability. The condition for stability, y= @ =const., 
is a zero value of all derivatives at the equilibrium point: 


Bo. Sy — Vy ae (6) 

Under these conditions, the system gives rise to a steady phase dif- 
ference, ~, determined by the equation, 

COS Fo = jj, (7) 


which, in turn, is obtained from Equation (5) and condition (6). It should 
be noted, that the steady-state condition (6) is fulfilled at two equilibrium 
points, @o, = are cos y and @» = 2m -arc cosy. To determine the stability 
of the system at these points, coordinate y will be given a small increment, 
Ae 


@ == 9 -}- Av. 


Substituting this expression in the differential equation (5), and setting 
all derivatives at the equilibrium point equal to zero 


Ay ' thn 1 By 
He Aah dhe et Ff Cos (gyi t Ae) eae (8) 


Transforming the equation, cos (% +Ay) according to the formula for 
the cosine of a sum of two angles, and assuming that cos Ay © 1, and sin 
Ag © Ag, 


COS (pp -! Av) == COS $9 — SiN 9, Av. (9) 


Substituting the result in Equation (8) and considering (7), the follow- 
ing is obtained: 


aa 


jy 
K 


dee pee nA’ 
zt ek +2 — sin 9944 =0. (10) 
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, Equation (10) is linear, and can be analyzed with the aid of the Hurwitz 
stability criterion. Considering the form of a third-order differential equa- 
tion 

ay Ag’ -}- ade” + ad’ + ajde=0 


Equation (10) is reduced to the following conditions: 
(Oy = Oy Gey 0), Ge SS) Gs SY) (11) 


and, 
Q\Ay — Aya; > 0. (12) 


The fact that all the coefficients are positive (11) shows that a stable 
state of equilibrium corresponds to the point ¢. = 27 -@ ,, since only in this 
case, A; =-Sin %>0. Condition (12) applied to Equation (8) leads to the 
inequality 


d>K SIN Gp. (13) 


Note that the factor, sin @», characterizing the slope of phase detector 
characteristic at the stable equilibrium point (since F(g) = cos 9), can 
assume any value from 0 to 1, depending upon the value of y. The most 
difficult task is making sure that inequality (13) will be met when sin @, = 1. 
Precisely this value of the phase detector characteristic slope shall now be 
considered. Inequality (13) will then yield, 


aes (14) 


In all other cases, when sin Y. <1, a margin of stability will be 
ensured, provided inequality (14) is met. The stability condition of the 
steady-state mode interconnects the parameters of the APC system and 
of the filter. Violation of condition (14) leads to oscillation of the APC 
system. 


DETERMINATION OF CAPTURE BANDWIDTH 
OF APC SYSTEM AS FUNCTION OF FILTER PARAMETERS 


To establish the APC system capture bandwidth as. a function of filter 
parameters would require the integration of the nonlinear differential equa- 
tion (5) which, in a general case, is not possible to achieve by analytic 
methods. Consequently, we shall resort to the methods of graphical anal- 
ysis. Processes occurring in systems described by third-order differential 
equations can be represented with reference to a three-dimensional phase 
space. The presence of a beat mode is known to correspond to the appear- 
ance of a stable limiting cycle in the phase space. An approach to the 
capture mode is accompanied by the disappearance of the limiting cycle 
from the phase space. The limiting mode between capture and beats is 
characterized by the transformation of the stable limiting cycle into a semi- 
stable cycle, while parts of phase trajectories situated in the vicinity of 
this cycle, move away and tend to approach the stable equilibrium point. 
Considering that the cosine is a periodic function, Equation (5) may be 
reduced to the phase-space representation of a process occurring when ¢ 
varies within the limits of 2% The entire phase space is divided by period- 
ically repeating regions, one of which corresponds to the positive slope of 
the phase detector characteristic, and the other, to the negative slope. 

For a cosine-form characteristic, these regions are limited by surfaces 
passing through points y=0, g=7, y= 27etc. It should be noted that the 
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linear differential Equation (10) is valid near the equilibrium points. We 
know [4] that when stability condition (14) is met on the positive slope of 

the phase detector characteristic, the characteristic equation of differential 
expression (10), can have three real negative roots, or one real root (nega- 
tive) and two complex roots, in which, the real part of the complex root is 
negative. In the first case, the differential equation has a Singular point 
(equilibrium point) of the stable “node” type, while in the second case, it 
can have a singular point of the stable “focus” type. On the negative slope 
of the phase detector characteristic, the roots of the characteristic equa- 
tion, when condition (14) is met, can either be all positive, with the sign 

of one root opposite to the sign of the remaining two roots, or can have one 
real root and two complex roots. In the last case, the real part of the com- 
plex roots has a sign opposite to that of the real root. 

The first case (all roots are real) characterizes a singular point of 
the “saddle” type, while the second case denotes a singular point of the 
“saddle-focus” type. Consequently, the unstable point, @,, may either 
be a singular point of the “saddle” type or of the “saddle-focus” type. As 
for the stable equilibrium point g», it can either be a singular point of a 
stable “focus” type, or of a stable “node” type. The specific form of the 
singular point is determined for a given slope of the phase detector char- 
acteristic by the cutoff point of the RLC filter. Figure 5 shows a three- 
dimensional phase space for the case of a singular point of the “focus” 
type and another singular point of the “saddle” type. It should be noted 
that the singular points of the stable “node” or stable “saddle” type are 
topologically equivalent, i.e. , the phase space structure is the same for 
both. Similarly, topologically equivalent are singular points of the “saddle?” 
and “saddle-focus” types. Therefore, the representation of phase tra- 
jectories will be limited to the situation obtained in the cases of singular 
points of the “focus” and “saddle” types. The topology of the phase space 
is analogous in all the other cases. The following are the coordinates of 
the phase space: X-axis, difference of phases y; Y-axis, first derivative 
of gy; Z-axis, second derivative of gy. Figure 5 shows @, as a point of 
unstable equilibrium of the “saddle” type, and @» as a point of stable equi- 
librium of the “focus” type. It is apparent from the figure that all trajec- 
tories in the vicinity of point @» tend toward the equilibrium state. 

A characteristic line shall be selected among the totality of spatial 
curves to aid in solving the nonlinear differential Equation (5), not for all 
initial conditions, however, this will afford the opportunity to determine the 
capture bandwidth. The characteristic curve is designated by the letters 
ABDC in Figure 5. 

Figure 6 shows such characteristic curves for various values of 
deviations y. Curve 1 corresponds to deviation y;, larger than capture 
bandwidth ycapt, given a fixed value of cutoff point d, and fixed value of 
coefficient k (x = =») . Curve 2 corresponds to deviation y) which is less 

0 
than the capture bandwidth. Curve 3 corresponds to deviation y; being 
equal to the capture bandwidth. It is seen from the figure that, when 73 = 
=Yeapt, the locus point moving from the unstable equilibrium point ¢) 
along trajectory 3 will never cross the stable equilibrium point 9). A 
beat mode is established in the system. Consequently, the mathematical 
formulation of the condition defining the stability limit of the APC system, 
can be obtained from the nature of the dependence of spatial curves orig- 
inating at point Yo; on detuning, for the given parameters of the system, 
To render detuning equal to the capture bandwidth, the trajectory must 
intersect the axis of the abscissas at the point Yh, = 27+ Dy. 
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Figure 6 


Given fixed values of d and k, the capture bandwidth was determined 
by one of the graphical methods of solving nonlinear differential equations. 
After setting initial conditions corresponding to point ¢,, the nonlinear 
differential equation (5) was solved, yielding a trajectory originating from 
point %, (in the form of time functions of ~, y’, and gy”). If the spatial 
curve determining the motion of the locus point has a maximum abscissa @ 
less than Oo = 27 + @ , Our deviation is less than the capture bandwidth 
(Curve 2, Figure 6). When applied to the time function y= f(t), the 


29 


preceding condition means that the phase difference never reaches the 
value 27 +, aS t increases, Setting various values for the deviation y 
in Equation (5), one can bring the intersection point of the abscissa axes 
into coincidence with point ~o;, thus satisfying the Equation y = Ycapt- 
Consequently, the starting data for the solution of Equation (5) will Be 
represented by initial conditions characterizing the equilibrium point . 
At the point go, Zo= y? =0; Yo =’ =0, and the coordinate Xp = Gp; = 
=arce cosy. Note that the initial conditions set in this manner make it dif- 
ficult to solve Equation (5), because @ , is the equilibrium point. Therefore, 
Zo= 0” = Y =v” =0, Xo= arc cos y+.A, where A will represent the 
initial conditions, A being a small quantity. These coordinates denote a 
point close to point . 

The preceding initial conditions will be used in the solution of the 
nonlinear differential Equation (5). The solution will be based on the 
graphical method, called the method of tangents. The method of tangents 
was explained in detail in [5] and was applied to the analysis of transient 
processes in automatic control systems described in (6]. The solution is 
obtained in the form of small contiguous straight-line segments, whose 
slope is determined from a differential equation involving the given initial 
conditions by a purely graphical method. The method guarantees an accur- 
acy of the order of 1-2%. 

Figure 7 shows the results x =are cos =. 
of solving Equation (5) for d= 1 and Brvtpy On SArC EOE they Olea 
and k= 0.9, wheny=0.8. Itis nay i 
apparent for this case that y = 
=0.8<yYeapt, Since the maximum 
value of ¢ does not reach 27 + Yj 
when the normalized time, T= ot, 
changes. The spatial curve here Figure 7 
has the values of maximum abscissa 
Pmax < 27 +4. Figure 7 clearly shows the approach of phase difference 
to the value of 27 -@, defining the stable point @». It should be noted that 


Figure 8 
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Table 1 
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the graphical method, although providing high accuracy, requires a fairly 
difficult graphical construction. Therefore, the MN-2 electronic analog 
computer was used to accelerate the solution of the problem. Three in- 
tegrating cells and one nonlinear cell were brought into action. The non- 
linearity, represented by the cosine, was stored in the nonlinear cell in 
the form of 12 segments. The results of the solution for various values of 
k and d were obtained in the form of continuous curves recorded by the 
computer readout pen for 9, @’, and 9g”. 

Figure 8 shows the solutions of the equation for k= 0.45 and two 
values of d (d= 1 and d= 3). A common feature of all solutions was the 
tendency of » to approach the stable equilibrium point. 

The solutions given in Figure 8 represent a deviation which is very 
close to the capture bandwidth. When y =ycapt, we obtain the solution 
shown in Figure 8 as an example (Curve 7). 

The results obtained for y = ycapt and corresponding to various values 
of k and d, are presented in Table 1. 

The ‘above data were used to plot the functions, Ycapt = f(d), for a 
fixed value of k in Figure 9. Figure 10 shows the plane of equal capture 
bandwidths, plotted from the graphs of Figure 9, and used to find the ratio 
of k and d values for any capture bandwidth. The straight line AB in Fig- 
ure 10 determines the boundary of the stability region of the stationary mode 
(14). The obtained capture bandwidth values as functions of k and d param- 
eters may be used to evaluate the effectiveness of noise filtration by the 
APC system with an RLC filter. 
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Figure 10 


EXPERIMENTAL PART 


A circuit shown in Figure 11 was assembled and tested to verify the 
obtained results. The circuit features the synchronized oscillator (tube T;), 
a buffer stage (tube T,) necessary to avoid direct interaction between the 
standard signal and the synchronized oscillator, a phase detector (diodes 
D,-D,4), a cathode follower (tube T3), and a reactance tube (tube Ty). The 
cathode follower was necessary because of the need to prevent the input 
impedance of the L¢C¢R¢ filter from affecting the phase detector when the 
filter parameters changed. With disconnected cathode follower, a change 
in the filter cutoff point produced a sharp variation in the holding bandwidth 
of the system. This, in turn, made it impossible to take the readings of 
Ycapt = £(d) for a given value of k= Aw,;/w. The phase detector had a 
closed loop circuit. The voltage amplitudes supplied to the phase detector 
by the standard oscillator (Ugpo) and the synchronized oscillator (Ugyo) 
were in the ratio 1:3 (Usp9 = lv, Usyo = 3 v). The legs of the phase 
detector bridge contained resistors to secure a symmetrical circuit. The 
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Figure 11 
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d 
Teapt Tcapt | ‘capt ‘capt | ‘capt Note 

af 0.98 0.87 

; 0.83 0.74 = - 
2 0.93 0.72 0.66 | 0.59 0.52 | Af, = 30 ke 

; 0.62 0.6 0.55 0.49 | Standard illa 
4 0.84 0.58 0.57 | 0.515 0.44 pe: puppaciliator, 
5 0.73 0.55 0.53 | 0.48 0.41 requency, 
10 0.58 0.41 0.39 | 0.365 0.34 | fspo = 1100 ke 
20 0.47 0.37 0.31 | 0.3 0.26 
40 0.33 0.26 0.25 | 0.23 0.21 


symmetry was also achieved by adjustment of resistors Ry, and R», and 
trimmers Cg and C,;. The plate circuit of the buffer stage was shunted 

by resistor R7 = 3 kilohms to avoid the effect of a delay in this circuit 

upon the capture bandwidth of the system. The operating point of the reac- 
tance tube was set by a fixed bias of about 1. 8 volt supplied to the grid from 
a low-resistance source, Ego. The entire circuit operated at a frequency 
of 1100 kc, The GSS-6 oscillator supplied the standard signal. The R¢Cr 
filter had variable parameters. For a fixed k, the cutoff point d of the filter 
could be varied (by resistance Rf). The capture and holding bandwidths 
were readily determined with an oscilloscope connected to the filter output. 
Synchronization breakdown was accompanied by an AC voltage appearing 

at the oscilloscope output. The capture and holding bandwidths could be 
determined by varying the standard oscillator frequency up to synchroniza- 
tion breakdown and back until it was resotred. The data, presented in 
Table 2, were obtained in this manner. 

Figure 9 shows, alongside theoretical curves for the capture band- 
width, points obtained by experiment, according to Table 2. A compari- 
son of the results of theoretical analysis (Table 1) and experiment (Table 2) 
shows that the discrepancy does not exceed 7-8%, which is fully acceptable 
in engineering practice. 
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FREQUENCY STABILIZATION 
OF A JUNCTION TRANSISTOR OSCILLATOR 


L.D. Zarkhi 


The author analyzes the frequency of a junction transistor oscillator 
as a function of various factors disrupting stability. Results of measure- 
ments are given showing the possibility of securing high frequency stability. 
Recommendations for the construction of a transistorized oscillator are 
presented. 


Frequency stability is one of the principal indexes of oscillators. 
Nevertheless, problems of frequency stability of transistorized oscillators 
have never been adequately analyzed. 

The present paper gives the results of a study of the frequency of a 
transistorized oscillator as a function of a number of stability-disrupting 
factors, and the conditions under which the effect of such factors may be 
reduced toa minimum. The analysis is based on initial premises pre- 
sented in {1}. 

Three factors affecting the oscillator frequency are considered: 1) 
load variation, 2) power supply voltage variation; 3) ambient temperature 
variation. 

Discontinuots transient fluctuations of frequency are not discussed 
in this paper. 


EFFECT OF LOAD UPON OSCILLATOR FREQUENCY 


Considering only the case of a purely resistive load, and neglecting 


the magnitude k (1 + k) pp — ko min, regarded as small in comparison to 


unity, from Equation (10) [1], the following expression for the first correc- 
tion of frequency can be obtained: 
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In order to find a condition wherein the frequency does not depend upon 
load resistance, the derivative of the right member of Equation (1) with 


1 
respect to (Son) is equated to zero. 
Poe 
Simple transformations result in: 
a) For the case of inductive feedback 


b r 2r. K 
oz F — oC. po Bia 3 ee 2 s a e() . 
oS a ‘ee + pp 4 aa (2) 
b) For the case of capacitive feedback 
b r Qro \ kK 
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The following inequalities are usually fulfilled with adequate accuracy 
below the critical frequency: 
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é 6 4 
while the term, wCepp 7s is small compared to the remaining terms of 


Equation (2), This means that, in practice the frequency may never be 
independent of load impedance when feedback is inductive. 
In the case of capacitive feedback, condition (3) may be met, if only 


the term, F (== +2r2) a is sufficiently large. 


Consequently, in the case of capacitive feedback, a change in the 
load impedance may result either in increasing, or in decreasing frequency, 
or even, with small load variations, the frequency may remain constant, 
depending upon the parameters of the external circuit and the transistor. 
Figure 1 shows the frequency of a capacitive feedback oscillator as a func- 
tion of I49 for various values of load resistance and various types of tran- 
sistors?. When the PIA transistor is used, a reduction in Roe decreases 
frequency, while the use of a P6G transistor results in an increase of fre- 
quency under the same conditions. The rise in frequency accompanying a 
decrease in load impedance can be explained by the fact that an external 
circuit resistance connected to the output of the transistor creates, in the 
case of a capacitive feedback, a positive phase shift in the feedback circuit. 

If Equation (1) has been satisfied, small variations in load resistance 
cause negligible variations of frequency. In practice, the change in load 
resistance is sufficiently small if the transistor output circuit is shunted 
by a relatively low resistance. In sucha case, the fulfillment of condition 
(3) is a fairly effective means of reducing the influence of the successive 
stages upon oscillator frequency. 

Figure 2 shows experimental graphs representing the frequency of 
an oscillator with P6G and P6B transistors as a function of load resistance 


‘The upper sign denotes inductive feedback, while the lower sign 


means capacitive feedback. 
See [1] for description of the experiment. 
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(The circuit was shunted by various 
resistance values). It is apparent that 
these functions have a minimum at cer- 
tain values of Roe; the value of Roe min: 
corresponding to the function minimum, 
0 20 40 60 80 M0~~ 2% KE is about twice as large for the P6G 
Figure 1 transistor as for the P6B transistor. 

This relationship can readily be obtained 

from Equation (3), considering that the 
T parameter of the P6G transistor is approximately one-half of that char- 
acterizing transistor P6B. The value of Roe opt computed from Equation 
(3) for the P6G transistors was found to be equal to 32.5 kilohms while its 
measured value was 34 kilohms (Qopt = 34). In the oscillator with P1A 
transistor, Roe opt = 3 to 4 kilohms (Qopt = 3 to 4) for the same frequency 
and the same values of circuit elements. 

Equation (3) shows the quantities that must be manipulated in the design 
of an oscillator to obtain a relative independence of frequency from load 
impedance. These quantities are: wr (transistor type and frequency), rz 
the loss impedance of the emitter-base circuit, k, p, and p. 

The selection of circuit parameters and transistor type should be 
based on the principle of maximizing the Q-factor of the circuit. This 
condition determines the method of selecting the values involved in Equa- 


tion (3). To increase Q = 


anes it is necessary to reduce wT, i.e., to 
Sri 3 


decrease the oscillator frequency and to select a transistor with the 

highest possible critical frequency. If the transistor type and frequency are 
given, it is recommended that the size of resistor r2 be decreased and that of 
resistor rz be increased. It can be readily verified that this will yield 

the highest value of Q for the circuit for the same value of the term 


”) 
ong se = ). Thus, the operating frequency of the oscillator and the 


transistor type determine the Q of the circuit which keeps to a minimum 
the dependence of frequency upon load impedance. Equation (3) can have 
several solutions, depending on circuit parameters; consequently, final 


recommendations on the circuit design will be given only after considering 
the effect of other stability-disrupting factors. 


EFFECT OF VARIABLE SUPPLY VOLTAGE UPON FREQUENCY 


Changes in the power supply voltages introduce variations in the 
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transistor parameters and, consequently, in the frequency of oscillation. 

Increasing direct voltage at the collector increases frequency because 
of reduced collector Capacitance, Cc. Increasing the DC component, Ie, 
of the emitter current decreases frequency, since this increases the time 
constant, T, of the input circuit. Therefore, if the emitter and collector 
are supplied from the same source, it is possible to establish such operat- 
ing conditions as would maintain a constant frequency regardless of any 
variation in Ce and T. 

In order to find these conditions, Equation (1) shall be considered in 
a slightly modified form: 
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Here, Ieomin is the value of Igo giving rise to oscillation 


leo min= ~~ re : (see [1]) 
B Elis li — ay + steal Cin? 


The dependence of the Ce and T parameters upon voltage Eg and cur- 
rent Ieo has the form [1] 


C,~ Coo V 7 o ea ipe AM, - (5) 


c 


If both the emitter and collector are supplied from the same source, 
where Ee = e and the emitter is supplied through a sufficiently high resis- 


tance, R, 
[arenes (6) 


Substituting (5) and (6) into (4), differentiating the result with respect 
to E,, and equating the derivative to zero, the following result will be 
obtained after simple transformations: 

0.0256 — 0b 
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Equation (7) must be satisfied if the frequency of oscillation is to be 
independent of power supply voltage. 

Figure 3 shows experimental graphs of the frequency of an oscillator 
having capacitive feedback and P1A and P6G transistors, as a function of 
voltage Eg. The emitter and collector are supplied from a common source, 
and various values of Roe and e = = are selected. It is apparent from - 

e 
the figure that the frequency rises with increasing E, when Rog > 5.9 kilohm. 


The frequency decreases when Roe< 5.9 kilohms. The limiting value of 
Roe depends upon e. The value of Rog computed from Equation (7), which 
should maintain constant frequency with changing Ec, equals 5.05 kilohms. 
Thus, Equation (7) determines the region containing the desired value of 


Roe. 
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Figure 4 


Figure 4 shows frequency as a function 
of power supply battery voltage. When &€ = 
= 5.55 and circuit parameters have values 
indicated in Figure 4 the relative variation 
in P1A No. 3 oscillator frequency does not 
exceed 10-° eps of initial frequency when 
voltage changes from 6.6 to 8.75 v. 

Equation (7) shows that the position 
of the maximum of the function f ke (Ee) 
mainly depends upon the values of Roe, k, 
and p. In practice, any method can be used 
to adjust Roe to the desired value: either 


by changing r or p of the circuit (the term T1k Pp is usually small in com- 


parison to the first term). However, given the same Roe, the less isp, 
the less the relative detuning «,/w. Consequently, the frequency stability 
is proportional to the Q-factor of the circuit. 

The requirement calling for a maximum possible Q to secure the 
smallest dependence of frequency upon power supply voltage conflicts with 
the need to select a definite (relatively low) value of Q to provide frequency 
stability against load variations. Therefore, the designer of an oscillator 
must effect a compromise (the possible methods of increasing the optimum 
value of Q were described above). To determine the parameters of the 
external circuit requires a simultaneous solution of Equations (3) and (7). 


THE EFFECT OF TEMPERATURE ON OSCILLATOR FREQUENCY 


The dependence of the mean parameters in transistor hybrid 7 equiv- 
alent circuit are given in Figure 5. (The measurements were carried out 
with a practically constant value of Iep. ) 

It follows from the figure that a change in temperature from +10° to 
+40° produces a change of less than 10% in the mean parameters of Rp and 
Cas 

The mean parameters Rn, Ce, and b, depend to a considerably greater 
degree upon temperature. Increasing temperature decreases Ry and in- 
creases b and Ce. When plotting the curves of Figure 5 it is necessary to 
consider the accuracy to which current Ieo9 is maintained constant, the 
heating of the transistor, and other factors. Therefore, it is impossible 
to obtain a universal analytical expression defining the oscillation frequency 
as a function of ambient temperature. 
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It follows from Equation (4) that any compensation for frequency drift 
due to temperature changes can be achieved only in a capacitive feedback 
oscillator, because this type of feedback makes it possible to adjust the 
term Dyas ata See order to compensate to some degree for changes in 
the other terms of Equation (4). From this point of view, the requirements 
arising from the need to make the frequency stable against temperature 
changes are in agreement with the desire to reduce the dependence of fre- 
quency upon load changes. 

According to measurements, a 1°C temperature change within the 
interval 20-60°C results in a relative frequency change of the order of 
10-° cps per 1 to p cps of initial frequency. Since temperature changes 
vary the values of transistor parameters, they may disrupt oscillator 
operation adjusted so as to make frequency independent of the power supply 
voltage. Experience shows that a suitable adjustment of the oscillator can 
secure a low dependence of frequency on the power supply voltage over a 
fairly broad range of temperatures. Thus, Figure 6 gives the frequency 
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Figure 5 


as a function of voltage E, for various temperatures, (During the meas- 
urements, the transistor was placed in a thermostat which controlled tem- 
perature, and the entire external circuit was situated outside the ther- 
mostat. Since the measurements occupied a short period of time, the 
parameters of the external circuit may be considered as having remained 
constant and only the transistor parameters were subject to change. ) 

The adjustment consisted of connecting resistors Rnap and R’ of the 
required size to the collector-emitter and collector-base branches of the 
external circuit. It can be seen that with resistor values as indicated in 
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i ive instability of frequency for a one volt change 
iain = cae 2:10~°; aad 510-* at 25, 40, and 60°C respectively. 
The above results were obtained below saturation voltage of the 
oscillator, where the voltage waveforms at transistor input and output are 
close to sinusoidal. When the voltage exceeds saturation, the voltage wave- 
form at the input and output considerably differs from sinusoidal. Figure 7 
shows frequency as a function of DC voltage at the collector when emitter 
and collector are supplied from separate sources. Saturation produced a 
sharp change in the direction of these curves. 

To increase frequency stability, the oscillator should be operating 
under conditions prohibiting a transition from unsaturation to saturation. 
This may be readily achieved by supplying the emitter and collector from 
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Figure 6 Figure 7 


a common source and by connecting a sufficiently large resistor in the 
emitter supply circuit. 

A large number of measurements of relative frequency instability 
under saturation conditions determined that its minimum value for a one 
volt change was 10™°, i.e. , frequency stability was poorer by two orders 
of magnitude than under conditions of unsaturation, 

Measurements of frequency stability of oscillators with inductive and 
autotransformer feedback showed that their stability is lower than that of 
capacitive feedback oscillators. 


CONCLUSIONS 


1. The above analysis has established the principles governing the 
design and construction of a transistorized oscillator in which the relative 
frequency change due to a 10% variation in power supply voltage and load 
does not exceed 10~° cps per cps of initial frequency. Such a degree of 
stability can be obtained in a capacitive feedback circuit. 

2. The power to the emitter and collector of the transistor should 
be supplied from a common source; this arrangement permits the designer 
to compensate for the frequency effect of changes in the DC components of 
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emitter current and collector voltage. Satisfactory compensation requires 
a correct selection of the ¢ = Ee/ES voltage ratio and the equivalent circuit 
resistance. The relationships obtained in this report can be used to obtain 
near-optimal values of these parameters. 

3. If the oscillator drives a variable resistive load, the maximum 
stability of frequency can be achieved with a definite value of the circuit 
Q-factor. The expression given in this report can be used to find the value. 

4. The stability of oscillator frequency is proportional to the extent 
to which the generated frequency is lower than the critical frequency of the 
transistor. A decrease in frequency will increase the Q-factor of the cir- 
cuit without disturbing the frequency compensation of various variable 
parameters of the transistor. 

5. The stability of the frequency of transistorized oscillator is higher 
by two orders of magnitude when operating voltage in the unsaturated region 
than when it is saturated. A transition from unsaturation to saturation 
during operation of the oscillator will result in a sharp change of frequency. 
Therefore, measures should be taken to prevent such a transition. 

In conclusion, the author wishes to express his deep appreciation to 
Prof. G.A. Zeytlenok for his leadership and valuable advice. 
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SQUARE PYRAMIDAL HORN 
WITH IDENTICAL RADIATION 
PATTERNS IN THE EAND H PLANES 


PNpVbyx Tue (olive 


The square-mouth horn radiators used in tropospheric scatter pro- 
pagation do not provide identical irradiation of the reflector along the E and 
H lines. This may be overcome by placing longitudinal metal plates within 
the horn. The effect of the plates on the radiation pattern and on matching 
of the horn with a waveguide is investigated. It is shown that the plates 
decrease the effective size of the horn aperture along the E line and do not 
affect the radiation pattern in the H plane. The plates have a favorable 
effect on matching. 


In microwave tropospheric scatter propagation the antennas are para- 
bolic reflectors with circular or square apertures irradiated by relatively 
small horns [1]. The theory of parabolic reflectors shows that in order to 
obtain optimum radiation characteristics the reflector must be irradiated 
both along the E line and the H line by the main part of the major lobe of 
the radiation pattern; that is, the part lying between the levels of 0.3 of 
the maximum level as shown in Figure 1 [2, 3]. In order to ensure these 
conditions in the case of a reflector with square or circular aperture the 
radiation must have identical radiation patterns in the E and H planes. An 
ordinary pyramidal horn with rectangular aperture as a radiator, has 
identical radiation patterns in the E and H planes. 

In effect, the radiation patterns of the horn in the E and H planes are 
defined with sufficient accuracy by the following expressions: 


* sina, 


Fics ap , (1) 


radiator pattern 


direction of E and 
0.3 level H vector in radiator 
aperture 


Figure 1 
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FL = 
i G0 Ne (2) 
1—(—2 
(ran) 
Here 
nd 
ye (3) 
-d 
a,——" sind (4) 


dg is the length of the aperture side parallel to the E vector, 
dy is the length of the aperture side parallel to the H vector. 
Functions Fp and Fy have values of 0.3 when 


a, = 2,28, (5) 
ol 4 (6) 


Inserting (5) and (6) into (3) and (4), we find that the 0.3 level at the 
edges of the reflector will occur at the E line when 


d, =0.727 . (7) 


sin’ ’” 


and at the H line with 
Pig kn, (8) 


H sin” 


where ® is the angle at which the edges of the reflector are seen from the 
focus (Figure 1). 

Whus, a pyramidal horn may provide identical irradiation of the 
reflector along the E and H lines when its aperture sides are in the ratio of 


— = 0,727. (9) 


In practice it is necessary to use horn radiators with square aperture. 
This is explained by the fact that each antenna is used both for reception 
and transmission with polarization separation of the receiving and trans- 

' mitting channels. In order to create identical conditions for both polariza- 
tions it is necessary that the horn aperture as well as its other transverse 
sections be square. 

It is evident that with a square aperture it is desirable to make the 
side of the square the geometric mean of the quantities dp and dy as re- 
quired by formulas (7) and (8), that is, 

Po VA pig) eae (10) 


sin 9’ sin 9’ 


If the radiator is an ordinary pyramidal horn with a square aperture 
with the length of side determined by formula (10), the reflector is not 
identically irradiated along the E and H lines. The field intensity at the 
reflector aperture is 0.15 of maximum along the E line and 0. 45 of maxi- 
mum along the H line. With such irradiation of the reflector the reflector 
has, in the first place, different radiation patterns in the E and H planes 
and, in the second place, a lower gain than with identical irradiation along 
the E and H lines with a level of 0.3 at the edges. 

In order to obtain an idea of how the conditions of irradiation of the 
reflector affect the antenna characteristics, we shall assume that the Eg 
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field in the reflector aperture varies according to the formulas: 
a) with identical irradiation along the E and H lines 


E' = E, cos ax cos ay, (11) 
b) with different irradiation along the E and H lines 
E’’ = Ey cos 6x cos cy, (12) 


where Ep is the field at the center of the reflector, 


a= —- arc cos 0,3, (13) 
D 
b = ~ arc cos 0,15, (14) 
D 
— as arc cos 0,45, (15) 
D 


and D is the width of the reflector aperture. 

With the field distribution in the reflector aperture as defined in 
formulas (11) and (12), it is easy to obtain the following expressions for the 
antenna characteristics: 

a) with identical irradiation along the E and H lines the width of the 
major lobe in the E and H planes is identical and equal to 2@ = 1. 064/D 
while the primary side-lobe level is -18.8 db; 

b) with different irradiation along the E and H lines the width of the 
major lobe in the E plane is equal to 209k = 1.12A/D, the width of the major 
lobe in the H plane is equal to 2099 = 0. 99A/D, the primary side-lobe level 
in the E plane is 20 db and the primary side-lobe level in the H plane is 
-17.5 db. 

Consequently, an ordinary pyramidal horn with square aperture, 
having the length of its side determined from condition (10), has a wider 
major lobe in one plane (E) and a higher side-lobe level in the other plane 
(H) in comparison with a horn having a rectangular aperture with sides 
determined from Equations (7) and (8). We will note that expansion of the 
major lobe and an increase in side-lobe level both lead to narrowing of the 
passband in tropospheric scatter communication. 

Gain comparisons show that for the optimum case -of aperture field 
distribution according to formula (11) the gain is 6 percent greater than 
in the case of reflector aperture field distribution according to formula (12). 


transition to square waveguide f 
section 23 x 23 7 ty ata 


Figure 2 
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In order to obtain identical irradiation of the reflector along the E 
and H lines and thereby to obtain optimum radiation characteristics in a 
square aperture antenna, metal plates may be placed within the horn 
(Figure 2). With a relatively small distance A between the plates there is 
a decrease in the effective size of the horn aperture along the E line with- 
out affecting the effective size along the H line, thereby permitting com— 
pliance with relations (7) and (8). The effective E line dimension dr eff 
may be calculated from the formula 


} 
dy of =a —2l +> ——____—., (16) 


“eV (a) 


where / is the plate width (see Figure 2). 

The last term in (16) takes into account the depth of penetration of the 
electric force lines into the space between plates. 

With / and A so chose that dp og is equal to 0.727 d the radiation 
patterns of the horn in the E and H planes are identical and optimum reflec- 
tor irradiation is obtained. 

The proposed principle for obtaining identical radiation patterns in 
the E and H planes in a square-mouth horn was checked by making and 
testing a horn for operation at A= 3.26 cm with the following dimensions 
(using the notation given in Figure 2): d=77 mm, A=7 mm, R,; =110 mm 
and Ry = 25 mm. 

The measurements were made without plates (/= 0) and with plates 
of two different widths (/; = 10 mm and/,=15 mm). The plates were 
placed over the entire length of the horn and had the indicated width 7 at 
the aperture, but in the direction of the throat their width decreased linearly 
to zero. 

Results of the radiation-pattern measurements are given in Figures 3 
and 4. 


--(-0mm 
e-f-§mm 


Figure 3 


Figure 3 gives the radiation pattern of the horn in the E plane as 
calculated from formula (1) by the substitution of dg eff from formula (16). 
The crosses, dots and circles identify the curves for the radiation patterns 
with Z=0, 1=10 and Z7=15 mm, respectively. Figure 4 shows the radia- 
tion pattern in the H plane as calculated from formula (2). The crosses, 
dots and circles correspond to the same values of / as in Figure 3. In these 
two figures the abscissa values represent the angles of rotation of the 
antenna relative to the direction of the principal axis and the ordinate values 
represent the relative field strength of the E radiation. It is obvious from 
Figures 3 and 4 that the plates do not affect the radiation pattern of the horn 
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in the H plane and widen the pattern in the E plane as though there had been 
a decrease in the dp dimension of the horn in accordance with formula (16). 
In the case under discussion (d = 77 mm, A=7 mm) the horn has identical 
radiation patterns in the E and H planes to the 0.3 level when /*10 mm. 
Figure 5 illustrates the influence of a horn with plates on the travel- 
ing-wave ratio in the feed waveguide. Abscissa values give the position 
of the measuring line carriage in millimeters and ordinate values give 
the relative field strength at the measuring line. This figure does not show 
the curve for a horn without plates, for it almost coincides with the curve 
for /=10 mm. Without plates the traveling-wave ratio was 0. 91 and with 
plates it was 0.92 (1= 10 mm) and 0.94 (= 15 mm), It follows from this 
that the presence of plates within the horn to a certain degree improves 
antenna-waveguide matching, wherein the wider the plates the better the. 
matching. 


Open end of wave- 


60 horn with 
plate horn with 
plate 
“0 1=10mm 
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Figure 5 


Measurement of all characteristics of the horn was performed within 
a band of frequencies +0.5% from midfrequency corresponding to A= 3.26 
cm. Within these limits there was no significant change in characteristics 
of the horn in comparison with the data presented in Figures 3, 4 and 5. 

In our opinion, the introduction of plates may also prove useful in a 
number of cases for varying the effective dimensions of the horn aperture. 
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NARROWBAND PHASE-SYNCHRONOUS 
FILTERS 


L. Ya. Mizyuk and V.I. Gol’ dgefter 


The report discusses single frequency and bandpass filters based on 
double frequency conversion achieved in two channels which control quad- 
rature voltages of a local oscillator. It is shown that it is possible to 
derive filters with extremely high Q’s and having simple passband adjust- 
ments. 


Improvement of selectivity of electric filters is an extremely impor- 
tant problem in radio engineering and communications engineering. One 
method of solving this problem is by utilizing frequency conversion. In 
most filters using frequency conversion the frequency of the output voltage 
differs from that of the input voltage. However, in a number of cases this 
conversion to another (intermediate) frequency is not feasible. In {1] we 
are given the block diagram of a narrowband filter which uses frequency 
conversion, in which filter the frequencies of the input and output signals 
coincide. In order to eliminate spurious conversion products in the output 
signal spectrum this circuit employs the phase-correction principle, which 
is achieved by means of quadrature phase splitters; one of them must dis- 
place the entire passband by 90°. Construction of such phase splitters is 
associated with well-known difficulties (2, 3]. Despite its sophistication 
the circuit of such a filter is not free from the shortcomings inherent in all 
filters which convert image interference frequencies! and is not free from 
the necessity of isolating the intermediate frequency by means of bandpass 
filters. 

As an improved frequency-conversion filter free of these shortcomings 
and providing concidence of the input and output signal frequencies, we 
propose the use of a phase-synchronous filter, the block diagram of which is 
given in Figure 1. Operation of this filter is based on double-frequency 
conversion by means of four balanced or ring modulators, which control 
the quadrature voltages Up and jUp of the local oscillator. The frequency 


We assume that the image interferences are those signals which lie on 
both sides of the local oscillator frequency and differ from it by the intermediate 


frequency. 
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Figure 1 


of the local oscillators coincides with the frequency to which the filter must 
be tuned. The output voltage U, is taken from a summing circuit SC. The 
chief difference between this circuit and ordinary filters using conversion 
is its use of zero beats as an intermediate frequency; these beats are iso- 
lated after the first conversion by means of low-pass filters. Thus, the 
first frequency conversion actually reduces to synchronous detection with 
attendant high selectivity. By means of the second conversion the entire 
zero-beat region passed by the low-pass filters is translated to a band with 
its middle (quasi-resonant) frequency coinciding with the output signal fre- 
quency. The filter is tuned to this frequency; it coincides with the local 
oscillator frequency. 

Image interference in the phase-synchronous filter is eliminated due 
to the fact that the intermediate frequency is equal to zero (zero beats). 
Instead of bandpass filters, low-pass filters (LPF) are used. This not only 
simplifies the circuit but also permits increasing the sharpness of the 
filter cutoff as a whole, at the same time ensuring more uniform passage 
of the operating frequencies. In the simplest case with a single-section 
low-pass RC filter, the phase-synchronous filter is equivalent to a tuned 
circuit whose passband is easily adjusted by varying the time constant of 
the RC filter. With a low-pass filter with sharper cutoff the phase-synch- 
ronous filter is equivalent to a bandpass filter. 

Let us explain the operation of the phase-synchronous filter and 
establish the principal relationships. Input signal u; with frequency we 
simultaneously reaches two balanced modulators BM, and BM, (Figure 1), 
the transfer ratio of which vary withlocal oscillator frequency up» equal to 
the tuning frequency (quasi-resonant) of the phase-synchronous filter. 
Assuming that a sinusoidal signal uy = Um, sin (Wet -¢) is applied to the 
filter input and assuming that the transfer ratio of the balanced modulators 
vary harmonically, we obtain the following expressions for the voltages at 
the output of BM; and BM): 


ni, ae (sin (ot )AK, sina, 


u 


% | 
, =U, sin (@, £- - 9) Ka sin (wy £ + 90°) ) 


It is not difficult to derive expressions for the voltages reaching the 
input of the second pair of balanced modulators BM; and BM,. Let us 
expand the sine product and assume that the LPF passes only difference- 
frequency signals of 2 = we -uy or Q= uw -We (We is assumed to be close 
to wo, otherwise the difference frequency will be great and the LPF will 
suppress it), Assuming that the low-pass filters in both channels are 
identical and considering that the modulus and phase angle of their transfer 
ratio at frequency Q are equal to Kg and 2, respectively, we obtain for the 
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upper half of the passband (we > ur): 


ee ge ps 
a, = + K,K,Uq 608 [(0, — 09) —9 +4] | 
Hate 1 rope ore 
Wy == es KK pum cos [(o, = Wo) ¢ Or Y a O°] | 


Correspondingly, for the lower half of the passband (wo < wu»): 


nts 1 2 
i= zr KK ,U,,, Cos [(m, — o,) ¢ + 2+ ¥] | 
en : (3) 
wy = 1 KK Um cose --0)f+e+4t0] | 


As the result of conversion of the upper half of the passband in the 
second pair of modulators (BM; and BMy,) we obtain 


, 1 > 
Lbs KK, Um Cos [(@, --@)t--9 + 4] Ky sin wy | 


¥ ee) 
= = KK pU n COS [(@, - - @)t-- ¢ + y - 90] Ky, sin (wef + 90°) | 


Expanding the product of the harmonic functions, let us find the volt- 
age components applied to the sum circuit SC, 


5 Ry coe lier ; 
Hogg My i thy = Ki A 3K Un (sin (@t--@ 2 9) | 


: sin [(2@,) —- @,)f @ - )} : KKK Um MS 
“ {sin (@,f--¢ -! $)-} sin [(20) 0.) 2 @--% | 180°]}. (5) 


T 


With equality of the transfer ratio of all the balanced modulators (or 
in pairs BM,, BM, and BM3, BM,) the voltages with frequencies 2 wo -We 
cancel out and the voltage at the filter output for the upper half of the pass- 
band is 

to — AU yi sin (wt -—-g 4 wv); (6) 


where A = + K*K¢is the modulas of the transfer ratio of the phase-syn- 


chronous filter and K is the modulus of the transfer ratio of the balanced 
modulators. Similarly, as a result of conversion of the lower half of the 


passband, we obtain 
t= AUm Sin (0,¢ — 9 — 9). (7) 


Thus, with symmetry of the balanced modulators and a harmonic 
variation of their transfer ratios there will be no spurious conversion 
products at the output of the phase-synchronous filter and the frequency of 
output voltage will coincide with the frequency of the input signal. 

Assuming that single-section RC filters are used in the LPF, let us 
find the passband of the phase-synchronous filter. The transfer ratio of 
the LPF in this case is 


‘jt MILLS aia saeee 8 
K; ; eyes (8) 
R+ jee 


Here R and C are the elements of the LPF, T = RC is the time con- 
stant of the filter Qis the beat frequency, whichis equal to w, -Wp or Wo - We. 
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Actually, the beat frequency is the absolute detuning relative to the 
quasi-resonance frequency 4). Introducing the relative detuning 


(9) 
we reduce (8) to the form 


—— (10) 


The frequency characteristic of the filter is determined by the modulus 
of its transfer ratio A= + K’Kg. Expressing the frequency characteristic 
in relative units, we obtain 


Aves Adee ee (11) 


i Miya 
like spp 


The bandwidth at the 0.707 points is 


» 
Voce ial (12) 
Tog 
As seen from (12), by varying T we may easily adjust the passband 
width. Hence, by increasing T we may decrease the passband width as 
much as desired and ensure the required value of bandwidth at any tuning 
frequency. The phase shift of the phase-synchronous filter ~is 
peace tel ete (13) 
y =are tg ( ; ). 
At the quasi-resonant frequency that is, with zero detuning (y = 0, 
We = W) ~= 0. With an increase in detuning ~ increases and as a limit with 
positive detuning approaches -90°, and with negative detuning approaches 
+90°. 
Thus, a phase-synchronous filter with a single-section RC circuit 


in the LPF is described by the same equation as a single-frequency filter 
with equivalent Q: 


Tg 


Qnstiseen sas (14) 


It is easily seen that by the use of a multisection low-pass filter, 
giving a sharper cutoff of frequency characteristic, we may convert a 
phase-synchronous filter into a bandpass filter with a rectangularity ratio 
of close ot unity. 

In most actual modulator circuits the transfer ratio does not vary 
harmonically but ina more complex fashion. The most frequently encoun- 
tered shape of variation in transfer ratio is rectangular. In this case ex- 
pression (1) takes the form 


dios Lars (fos) Ay Uasln e clata (15) 


rot 


where y is the inital phase of the reference voltage, taking a value of 0 for 
BM, and 90° for BM); n is an integer, 


The voltage spectrum at the output of the first pair of balanced 
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modulators for the lower half of the passband is defined by the expression 


’ 2K AS 2n — Wp — 7 — = 
ui, == = Untt) cos {[(2n — 1) eee (2n DEEZ 


n=) 
pany a {[(2a — 1) 9 + mel t + (2n — 1) 1 — 9} 
2n—1 3 


(16) 


After the low-pass filters (removing only the zero-beat region) the 
following voltages, with w,— , reach the input of the second pair of 
balanced modulators: 


w= KAU cos le —e)—e to | 
(17) 


jou 


w= K€ VU, cos[( —o)!—9 + 4+ 90} | 


The output voltages of BM; and BM, (for which y = 0 and y = 90°, 
respectively are: 
n=e ‘ 
us = AUS, By sie {[(22 — 1) «9 “Ee = oe) t+ e— yy t ee 


r= 


» sin {[(2n — 1) wp + (om — o,)] £— 9 + 4} 


2n— 1 
oe (18) 


u,_ = AU, >) STZ IS () ee ee as 
es 4 2n—1 


a=! 
tee + sin {{(2n -- TW) om + (o — “¢)] t + (2n — 1)90° — et y ale 90°} 
2n — 1 


where A; = 2 RK E. 


Transforming these expressions and summing, we obtain the voltage 
at the output of the filter 


ae - ae aie) 
wy uy + a AU ms Sf sin (Regn —1) 4 ole 4) 4 
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The derived expression shows that with a rectangular shape of refer- 
ence signal the spectrum of the output voltage, in addition to an we compo- 
nent, contains components of the type 44) + We, etc. close to the odd har 
monics of the local-oscillator frequency. The frequency characteristic of 
the filter has the shape shown in Figure 2. For a signal with quasi-resonant 
frequency (We = w), when = 0, the output voltage is 


Ug = 2A,U 1 [sin (Wot ~ ¢) -- 7 sin (3a of — ©) -+f- = sin (Sq t -}- ¢) + | - (20) 
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If the presence of harmonic 
components in the output voltage 
is undesirable, it is necessary 
that they be filtered out (for ex- 
ample, by connecting beyond the 
SC a single LC circuit tuned to 


Ay> Wy and ensuring the required sup- 
pression beginning with the third 
Suh Ww harmonic of the local oscillator). 
Due to the considerable spread of 
Figure 2 the fundamental and odd harmonics 


there is no difficulty encountered 

in constructing such a circuit. 
The Q of this circuit is easily determined if we are given the degree of 
third-harmonic suppression. From the expression for the resonance char- 
acteristic 


1 


A, = ——— 
EY veto 
we find the Q 


Q> aso, (21) 
yr Avy 


where y = —> — —* 
“9 Me 

If, for example, we consider an over-all third-harmonic suppression 
of approximately 40 db to be sufficient, then an LC circuit with y = 2.7 
must provide Af) ~ 1/30, since an attenuation of one-third is provided 
by the filter, as is seen from (20). The Q of such a circuit is approximately 
12% 

In analyzing the operation of a phase-synchronous filter it is easily 
ascertained that with a rectangular shape of the reference voltage the phase- 
synchronous filter will pass, in addition to frequencies lying within the 
region of the quasi-resonant frequency, those frequencies lying within the 
region of all harmonics of the local-oscillator frequency. In effect, with 
We— wo the third (3 we), fifth (5we), ete. , harmonics yield at the output of 
the first pair of balanced modulators zero beats of 3) -3uWe, 54h -5wWe, etc., 
which are passed by the LPF and at the output of the summing circuit are 
converted into a spectrum containing We and its odd harmonics. If at the 
output of the filter there is a circuit tuned to the quasi-resonant frequency, 
the harmonics of the input signal (including their adjacent bands) are con- 
verted by the phase-synchronous filter to frequency w with the surrounding 
spectrum (See Figure 2). The input and output frequencies of the filter will 
naturally differ. The transfer ratio of the filter is decreased for harmonics 
in inverse proportion to the harmonic number, that is, 

Re 


mw, n 


The odd harmonics of the input signal may be tuned out by inserting 
a preselector at the filter input. Due to the considerable spread in fre- 
quency of the fundamental () and the adjacent third harmonic, the circuit 
of the preselector may consist of a single LC circuit with values chosen 
on the basis of the same considerations as pertained to the output circuit. 

Considering the above remarks, given a rectangular shape of change 
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Figure 3 


in transfer ratio of the balanced modulators, the block diagram of the 
phase-synchronous filter takes the form shown in Figure 3. Here ® (@) 
is a tuned circuit whose Q is determined from (21). 

Phase-synchronous filters may operate at any frequencies from audio- 
frequencies to radio frequencies. The circuits for the balanced modulators 
must be chosen in accordance with thé operating range of frequencies. 
Thus, in the region of low audiofrequencies the balanced modulators may be 
built on the basis of polarized relays. In the region of sonic and ultrasonic 
frequencies they may be based on transistors or diodes. 

For normal operation of phase-synchronous filters it is extremely 
important that the balanced modulators be well matched. Even a slight 
asymmetry in voltage transfer ratios and inaccuracy in establishing the 
reference voltage quadrature impairs operation of the filter. The low- 
pass filters must also have strictly identical amplitude-frequency and phase 
characteristics. 

At high frequencies vacuum-tube circuits or ring circuits with point- 
contact germanium diodes or point-contact silicon diodes may be used. 

The tuning frequency of the phase-synchronous filter always coincides 
with the local-oscillator frequency “. In retuning the filter it is necessary 
to preserve the quadrature of the voltages controlling the balanced modula- 
tors. This requires a complex local oscillator circuit. Quadrature of the 
reference voltages within the frequency range may be preserved, for example, 
by using biphase beat-frequency oscillators*, phase splitters using cathode 
followers [4] special circuits with logarithmic variation of phase in accord- 
ance with frequency, frequency-doubling circuits, etc. 

It must be pointed out that normal operation of the phase-synchronous 
filter requires that the reference voltage be considerably greater than the 
signal voltage. These are the prerequisites for high selectivity of the first 
pair of balanced modulators (synchronous detectors). 

Let us discuss several variants of phase-synchronous filters. Fig- 
ure 4 shows the circuit of a tuned phase-synchronous filter (without selec- 
tive sections at input and output) in which polarized relays (e.g. , of the 
RP-5 type) serve as balanced modulators. 

Input signal u, is applied to the reed contacts of full-wave vibrators 
VR, and VR;, which are operating as synchronous rectifiers. The low-pass 


2Such an oscillator consists of two mixers, to which there is applied 
with identical phase the signal from a variable-frequency oscillator and the 
quadrature voltage of a fixed-frequency oscillator. From the outputs of 
the amplifiers which remove the intermediate frequency (the reference 
voltage) voltages Up and jUp are obtained. 
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filter elements are R; and Cy or C, and Ry, C3 -Cy. From the LPF output 
(i.e. , from capacitors Cy -C, and C; -C,) the voltages reach the second 
pair of full-wave vibrators VR; and VR,. Phase inverter Rs ReCs Ce, is 
used for the 90° phase shift of the reference voltage applied to the exciter 
circuits of VR, and VRy. Summing of the output voltages is achieved 
directly at the filter load resistor Ry. Resistors R; and Ry are introduced 
to eliminate interaction between VR; and VR,. 

Figure 5 shows a variant of a phase-synchronous filter using tran- 
sistorized dual-balanced modulators. There is no essential difference be- 
tween the circuit of Figure 5 and that of 
Figure 4, except that the vibrators are 
replaced by other switches (junction tran- 
sistors). In order to decrease residual 
voltages 5 it is convenient to use inverse 
connection of the transistors’, wherein 
the emitter and collector roles are reversed. 
After bidirectional limiting, the quadrature 
control voltages are applied to the primary 
circuits of transformers Tr; and Trg, 
thereby achieving transistor switching. 
During one half-cycle of the upper channel 
the transistors (Tj, T >, Ts, Te) are blocked. 
Switching in the lower channels is similar, 
but with a 90° phase shift. R,R,C,C. and 
R,R3C4 serve as lowpass filters. Poten- 
tiometers R, and Rs are used for balancing 
the circuit. The circuit in Figure 5 operates 
well in the frequency range from audiofre- 
quencies to several tens of kilocycles. 

Figure 6 shows the diagram of a phase-synchronous bandpass filter 
using ring modulators with germanium point-contact diodes. Input voltage 


Figure 4 


Figure 5 


: Figure 5 shows the forward connection. 
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Figure 6 


u, is applied through Tr; to modulators D,-D, and Dg-D,,, connected in 
parallel and operating as synchronous detectors. Thermistors are placed 
in series with all the diodes. Potentiometers R; and Rs are used for 
balancing the modulators. Bandpass filters R,L,C,L,C; serve as the LPF. 
The voltages from the output of the filters are applied to the second pair of 
modulators Ds -Dg and Di3;-Dy. The output voltages are added in the sec- 
ondary circuits of transformers Tr, and Tr3;. For detuning of the input 
signal harmonics and for their suppression at the output LC circuits (formed 
by the primary of Tr; and C, and by the secondaries of Tr), Tr3 and Cy) 
are used. Control voltages Up and jUp are applied to the first pair of 
modulators between the center tap of the Tr; secondary and the contact 
arms of potentiometers Ry and Rs. In the second pair of modulators the 
reference voltages are applied between the midpoint of capacitors C3; and 
the contact arms of potentiometers R3; and Rg. A phase-synchronous filter 
employing this circuit may be operated over a wide range of frequencies 
from audiofrequencies to extremely high frequencies. A single frequency 
phase-synchronous filter with the circuit of Figure 5 was given an experi- 
mental test. Commutation of the balanced modulators is achieved by means 
of a rectangular voltage applied to the primary windings of Tr; and Try. 
In order to suppress odd harmonics of the commutating voltage, beginning 
with 3w , the output of the summing circuit is connected to a single-stage 
tuned amplifier (not shown in Figure 5). The Q of this tuned circuit rela- 
tively low (Q +25) and, hence, near the quasi-resonant frequency, the 
amplifier had no observable effect on the frequency characteristic of the 
filter. With a low-pass filter with time constant of T = R,C, * 0.24 sec 
and local oscillator frequency fy = 920 cps, the frequency characteristic 
was plotted with a change in signal frequency within the limits of +1.5% of 
fo. The resonance curve is given in Figure 7 (Curve 1). An examination 
of this curve shows that the investigated phase-synchronous filter proved 
to be equivalent to a tuned circuit with Q ~750. We will note that the Q 
of the filter may easily be increased by increasingT to any reasonable value. 

Figure 7 also gives the frequency characteristic (Curve 2) for signals 
lying near the third harmonic (*3a») of the reference voltage. In obtaining 
the data for this curve the preselector was not connected. Similar curves 
are obtained without a preselector for other odd harmonics of the quas- 
iresonant frequency, but the transfer ratio of the filter drops in inverse 
proportion to the number of the harmonic. By connecting a tuned stage 
with Q © 20 at the filter input (that is, by introducing a preselector) the 
filter does not pass harmonics of the quasiresonant frequency. 

By increasing the time constant tT and the number of RC meshes of 
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the low-pass filter we may contact the 
passband as much as desired and may 
obtain excellent squareness in the char- 
acteristic. The parameters of the input 
and output tuned stages are not changed, 
since they must only attenuate harmonics 
of the reference voltage, beginning with 
the third harmonic. 

It must be pointed out that with 
careful selection of transistors the sup- 
pression of signals lying beyond the pass- 
band in a phase-synchronous filter circuit 

fy with transistor modulators is extremely 
=¢5 mA0u=0 20 Os uatG met SL great and reaches60-70 db. A tempera- 
Figure 7 ture change from -10 ° to +60°C has al- 
most no effect on the balance of the modu- 
lators. Even greater suppression is 
provided by a filter based on electron-mechanical relays. Filters with 
ring modulators using semiconductor diodes do not provide more than 40 
db attenuation, since a change in temperature causes relatively substantial 
asymmetry in them. 

Phase-synchronous filters are convenient for use at low frequencies 
in those cases where it is necessary to obtain an extremely narrow pass- 
band of the order of units and fractions of cps. This problem arises par- 
ticularly in separating weak signals from noise, in telemetry, etc. 

The frequency of the output voltage in a phase-synchronous filter 
coincides with the frequency of the input signal, which distinguishes it 
from the usual method of superheterodyning. In addition to this, the filter 
permits us to obtain at any high frequency a required bandwidth, which 
cannot be ensured by other types of filter. These properties will probably 
permit the phase-synchronous filter to be used with success in shaping a 
Single-sideband signal. For this purpose a filter tuned to the midfrequency 
of the separated sideband must be connected between a low-power stage 
with amplitude-modulated signal at the output and the final stages of the 
power amplifier of the radio transmitter. The passband of the low-pass filter 
must be equal to half the maximum frequency of modulation. This system 
of forming the single-sideband system is similar to the well-known phase- 
filter system [6], but differs from it in that it is not necessary to use a 
biphase audio generator. 

A distinct advantage of the phase-synchronous filter is the stability 
of the tuning frequency, which is due to the frequency stability of the local 
oscillator, the simplicity of retuning over the band range (determined by 
the change in frequency of the biphase local oscillator), and also the sim- 
plicity of controlling the shape of the frequency characteristic and adjusting 
the passband. 

A correctly designed phase-synchronous filter permits utilization of 
the selective properties of synchronous detection in the absence of coherence 
of the signal and local-oscillator voltages. 

A phase-synchronous filter is somewhat more complex than a passive 
filter and hence its use is recommended only in those cases where passive 
circuits can not meet requirements. 

High-resolution spectrum analyzers may be constructed using phase- 
synchronous filters with resonance and bandpass characteristics. The 
phase~synchronous single frequency filter may be used ina selective am- 
plifier with negative-feedback stabilization. In this case the required 
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stability and passband of the amplifier are ensured by adjusting the degree 
of negative feedback and by selection of tne LPF time constant. 

Phase-synchronous filters are particularly useful in those cases 
where the reference voltage may be taken from the same source as the 
signal which is to be measured. In this case the filter is always tuned to 
the signal frequency, even when it varies over wide limits. It is safe to 
assume that phase-synchronous filters will find wide application in various 
devices in physics, radio engineering and communications. 
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DEVIATIONS IN PULSE SYSTEMS 
OF PHASE CORRECTION 


B.R. Sergiyevskiy 


The report presents the precise solution of the problem of determin- 
ing deviations in a phase correcting system containing a pulse element. 
The control circuit parameters differ in the closed and open states. Analyt- 
ic expressions are derived for phase deviation as a function of frequency 
difference of oscillators, distortion of pulses and pulse biasing at the input 
of the system, as well as the circuit parameters. 


Operation of phase correction systems in synchronous telegraph 
equipment is based on the principle of intermittent control, due to the fact 
that the control circuit is not continuously closed but is open for certain 
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periods of time necessary for measuring phase deviations. 

This report discusses phase control systems with one pulse element, 
the output amplitude of which is proportional to the control signal only at 
the initial moment of the control interval (class II modulation) {I]. 

The pulse element in electromechanical systems for phase correction 
consists of electromagnetic relays which operate at the instant of change 
in polarity of the received signals, their armatures serving to close and 
open the control circuit. The parameters of the control circuit do not 
remain constant, with the result that its characteristic equations differ. 

After conversion of the initial equation of motion to a system of first- 
order equations, a phase control system with one pulse element may be 
described as follows: 


Nx (t) = 3 Ax» No (4) =e a, f (3) als ps Keb Tip (0) ip 9Q, (1) 
b=1 |) | 
3(0) =} c,0,(0), (« =1, 2,...2), 
r=1 


where akh, @k, rkb, Cj and qx, are constants, f(0) is a function whose value 
is determined by o at the moment the circuit is closed, 7;(0) are the initial 
conditions (which may be equal to or other than zero), Q is an external 
disturbance of constant value. 

The coordinates of n},(t) correspond to the physical quantities in the 
initial system (phase, voltage, current, deviation, etc.). 

Figure 1 shows the block diagram of the transformed system of cor- 
rection. 

In the case of simple roots (Pj) of the characteristic equation 


| a,—p Q10F eee Ain 
| Ay Qq2— P . . « + Ary 
D(p) z We es =0 (2) 
| ae Ona ee p 
solution of system (1) for the unknown quantities (tt) yields 
WO=A OSE) + VSO O OQ (3) 


a=} 


where 


NCA . 
n,()= nae (lease hit 
x DUS ) 
j= 
: My, (Pj) eH OCP) 
S l = ee sgh! | p,t a Ka dy p,t 
xa (4) >) p D' (py) Caan ) D'(p)) (Ye) 
a tet (4) 


Z Ly (p,) y 
L(oj= LET ate 
“l) >> AChE ria 


j=1 


Ff (3) = ¥ e,7;(0), 


t=! 
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Nk(p), Mka(p), Lk(p) and Hxa(p) are 
obtained from D(p) replacing the k-th 
column with the values of a,, ry, qx, and 


Oko (k=l 2) seen), 
6 = 1] when t—2 
““| —=0 whenk #a 


If among the roots of the character- 
istic equation (2) there is one root equal 
to zero, that is, py = 0, then by taking the 
limit in formulas (4) we may easily find 


element Nk(t), Ska(t) and 1(t). 
; In the case where the characteristic 
Figure 1 equation (2) has a double zero root 


(Py-1 = Py = 0) the values of the coeffic- 
ients will be 


\ 
Ny (P,) Atl 
1,(0= =a = (la 0" = 
) >; P; Dy (Pp) ( fe) 


r= 
BeNOR E in _Ne(P) , 
D, (0) 2 dp D,(p) jp=0 


M,. 
S..0= i pe (1 e%") — 


p; D\ (Pp) 


M,,(0) # Ee Myx (P) 


D0) 2 dp D\(p) jp=0 
SS eR) Merge SOE el Han (7) 
PDP) Dy (0) Cape Ch) | enn: 
Hou 
— Ly (P)) at t 
j= = --—- (l--e?s')--- 
BO DS ayaa tae: 
j-1 
a a a 
D;(0) 1 dp D\(p) Jp=o 


2 
where D(p) = p'D; (p). 
Let us examine a system for intermittent phase control with a fixed 


_ interval of measurement of phase difference, assuming that the time origin 
coincides with the beginning of closure of the control circuit. In this case 
the measurement interval T is divided into two periods; during the first 
period 0-T, the control circuit is closed and during the second period T,; -T 
it is open. 

In order to determine the behavior of the system it is sufficient to 
find the relation between the control parameters at the beginning and end 
of a given interval, and thereby to determine the state of the system at the 


end of any interval. 
For the end of the first and second periods of one of the measurement 


intervals the equations of motion (3) may be written in the following form 
ie (8) + tg )F (2) Spa (2) 1, (0) FG) 


== 
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wie (1) = Mg (1 DSi) 4 NS ty =) ) te = 9) Q 
a-l 

where T = T,/T is normalized time. 

ny (=), Spa (2), (2) and m,(1 — +), 1,,(1 — +), 4, (1 — +) are determined for 
the end of each period from formulas (4) and (5). For ng(T), Sga(t), (7) 
it is necessary to insert T instead of t and for m,(1-T), ryo(1-T), bK(1-7T) 
it is necessary to insert 1-7 instead of t. 

Eliminating 77) from the second equation {2] and assuming that 
f,;(7) = 0, we obtain the following system of difference equations: 

tale + I =S) XM ral —Duy) + VOD ral — 9S, Ca, (4) + 

i=! a1 i=1 


+ QLD rai (li — Dh) sd Ue) es (6) 


“ed be 


ix 
Let us take into account distortion of the pulses s at the input of the 
system and assume that between the output parameter of the pulse element 
and the control signal there is direct proportionality, that is, f(c) = 


=K,[9(0) + s]=x«, [> c,4,(0) +s]. In the special case of a single-tuned cir- 
i=! 

cuit we will have f(c) =Kulcin, (0) + s]. Then after inserting the values of 

f{(c) into (6) and transposing, we obtain the following system of difference 

equations: 


Nie (x ae 1)= agi Nh (x) A Dy a... Ne (x) =F U,S tc u.Q, (7) 
=? 
(Ki 1,25 et), 
where ut . 
ayy = »} Fei (l= 2) C6, (2) + Si] 


f=1 


hye : ieee 
Oy, x ia () Fe, (1 — 2) @) 


(3S 9), Bassi) 


Ux, = Ky A n, (=) ri (1 racy ue > L(t) ri (1 re dik A, (1 = t) 
i= 


f=! 


Let us examine a pulse system for phase correction with continuous 
control of oscillator frequency (Figure 2) [3]. 

The equations relating the individual elements of the control circuit 
may be presented in the following form: 


- d : 
generator equation = =) + Kol, 


control device equation i = kyu», 
pulse element equation u, =f (y), 


comparator equation y = a— 6, 2 


i duo 
integrator equation ae + 2bu, + a? i u,dt = Kyu, (0) + Au2(0). 
0 


In these equations f is the oscillator phase, w, is the angular fre- 
quency where i = 0, i is the current in the electromagnet corrector circuit 
u, is the grid voltage of the tube, u, is the voltage at capacitor Cy atits 
initial moment of charge, a is the phase of the received pulses (a@ = w t), 


> 
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Figure 2 


y is the phase difference, uw, is the frequency of the pulses at the input of 
the system, and k, and k; are the gains of the individual elements. 

Solving the derived system of equations for y and uz, we obtain for 
the two periods of the control interval the following systems of differential 
equations: dy 


—— = — K u Ae, 
a gh slg + 


t 
= be 2bu, bes a: \ u,dt = KU, (0) ae uy (0) 
0 


oe OK PK Moy 
where = mCo + r3(Co + Cs) ates Gog ot! cents 
r1r3CoC3 4 ryr302C3 
1 
SS Ss i= 
ryC3 rCo 
dy duly 
and “0 — — x,K,u, +- Ao, = 1. 2b,u,=0 
dt ace at ‘e 
WNP hy US I 


The last system of differential equations is derived from the first 
when r; = © (k, = a2 =A=0, 2b = 2b, = 1/r3 C3). 


t 
Expressing y in terms of 7;, U, in terms of 72 and i} U, dt in terms 
0 
of 73, we reduce the system of equations to the following form: 


Hore ORES I) 


1 — KK 3X2 + do 
12 = — bp — ays + Ky f (3) + 1%2 (0) 
Uy 2 
= iil 
for T; a Leon 
and y, = — Kok sho Aw 
YE — 2b 72 
(OS Ne 
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For the first system of differential equations the determinant of (2) 
will be 


| eH — K>Ky 0 + 1, 
Di(p) =P 0.) (bp) — 0? | =P 2p ae) — 0. 
k Jee —p | 
aie Pun == —98= % Ps =0, 
where 


a= V 2 —a? ’ 


and for the period T,-T 


aE. — K2ks 0 
Di(pP)=| O —(26,-+-p) 0 been ren al 
0) ] —p 


Piz = — 2b, and Po. = Py, = 0. 
Hence, for the example under discussion the system of difference 


equations in (7) is written in the following form: 


3 
Wk (x me l)= »} Ay, Ns (*) macKS 7 4u,Q, (9) 


a=1 


Solving this system for 7; (x), that is, the phase deviation, we obtain 
a complete linear equation in finite differences 


My = (% + 2) — (ayy + Ag2) 11 (% + 1) + (Ay1@22 — 242421) 1 (x) = 
= (1 — az) (0,5 + 4,Q) + a2 (v,5 + u2Q). (10) 
The reduction in degree of the derived equation relative to the degree 


t 
of the determinant is due to the fact that 73 (0) = if uy dt = 0. 
i) 


For determination of axa, vy and u, coefficients n;(t), Siq(*) and 
[,(t) are determined from formulas (4), while r}j(1- +) and n,(1- +) are 
determined from formulas (5). 

In our case we obtain 


Gieeloe ae 1 ize" aap i= B= 
rt 2w9 Pu ( ) Pa ped Fr 


+e) (1) | 


Pi2 
B= 6,7 p’ (1—= 
a= one (e —e )e ‘ 2 
__ Kos [ Pu Ris Px Fat 
6. | EE ee et ey aye 
1 2ug les (ee) Po (Lees 


1 a B,= _ B=. (eae ay 
a a ec e 1 =. 8 (l—-) 
re (Pu Prue ) ( e Dale 
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18 = 8 = 
Hm pre Nar =I S )) 


RSE, th 16 Pu=)+ pir B=Pul, 8 =pol, 


8’ (1—=) 


U2 =A, U,=0, Pa =)h-+ pa, By= pal. 


Assuming that the received pulses are not distorted (that is, s = 0) 
the general solution of inhomogenous difference equation (10) for the case 
of real or complex roots will have the form 


i (x) = ¥ (x) = C12F + Co2z* + edo T, (11) 
where Z,; and Z, are the roots of the characteristic equation 
2° — (ayy + Gy) Z + (441422 — A449) = 0 (12) 
and 
E= 1 a 


1 — ay; — ayy + ay14— — aypa) ~ 


The process of control willbe stable if |2,,.! <1. 
In order to plot the stability regions as functions of the coefficients 
of characteristic Equation (12) let use the Hurwitz criterion. For this pur- 


pose, by substitution of z = aes , let us project the points of complex 
plane z lying within a circle of unit radius onto the left half-plane of variable 


y. After transformations, we obtain 
by? + 2b,y + 2(2 —b,) —b, =0, 


where b, = 1 — (A41@22 — A424>}), 
by = 1 — (Ay, + G9) + (€41G22 — A424). 


A plot of the plane in coordinates b; and by shows (Figure 3) that the 
stable region will be delimited by the coordinate axes and line 2(2-b, )-b» = 
=0. 

The boundary of complex and real roots is defined by the expression 
by = (2-b1)+ YW 1—6, . 

Constants c, and cy are determined from the value of the function at 
the beginning of the first two measurement intervals — y(0) and y(1), which 
are found from Equation (11) for the most favorable case, wherein devia- 
tion of the frequencies of the oscillators occurred at the moment of closure 
of the control circuit. Hence, y(0) = 0 and y(1) = AoT. 

If the roots of characteristic Equation (12) are complex (z; » = a+ jb), 
then the change in phase deviation has the form ; 


1(x) = sto T [1 — ae cos (sx +4) |, (13) 
where 
ay 420] _ -t—* pol? 
iis pe a—ay+ (20s epsins tgs” 
tgs=——, p=|Var +2. 


When cos (sx +¥ = 1, the deviations attain a maximum, and when 
cos (sx +y) =-1, they fall to a minimum. Hence, 
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and 


(ones ¥ (! . aera 


The duration of correction is determined from the formula 
Ig cosy —1,3 
lgp 


n2 


which is derived on the condition that the transient process terminates 
when the phase deviation differs from the steady-state process by not more 
than 5%. 

Figure 4 shows the curves for phase deviation in a correction circuit , 
with the parameters shown in Figure 2 for different pulse duration at the 
input (different measurement interval). It is seen from the curves that 
the transient is oscillatory in nature and proves to be stable (b; = 0. 047, 
by = 0.029). Maximum deviation and duration of correction are increased 
with an increase in the measurement interval. A transient with measure- 
ment interval of 25 milliseconds lasts for approximately 4 seconds. Dura- 
tion of the transient is most effected 
by the value of capacitor Cy and coef- 
ficient k,. In order to decrease phase 
deviation and transient duration with 
a constant gain k, it is necessary to 
decrease the value of Cy. 


2(2-6,) ~6, -0 


io A (2b) £2005, 
242 OO 
o 8 99\ 
fu ee 
nS 9 unstable 
NS region 
Lar) 


Figure 3 


However, in operation along noisy channels, in order to decrease the 
influence of distortion on operation of the phase correcting circuit the value 
of capacitor C, must be increased. 
Let us now determine the phase deviations during distortion of the 

received pulses (Aw= 0), 

; Let us assume that a series of n pulses is subject to distortion 
(Figure 5). Let the first pulse be distorted first by a value s(0) and finally 
by s(1). Then, on the basis of Equations (9), keeping in mind that 7, (0) = 


= 0, for the end of the m-th pulse we obtain the following system of recur- 
sion formulas: 


y(m) = al™ y¥(m — 1) + a™ u,(m — 1) + of™ s(m — 1) 


Uy (m) = {m) y(m — 1) + afm) Us (m—1) + v§™ s(m — 1) oh 
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Pee ane. us to determine the phase deviation upon pulse distortion at the 
input. 

Beginning with the n-th pulse, the effect of noise ceases, the periods 
of the individual control intervals become identical and the change in phase 
deviation is determined analytically from a formula whose derivation is 
similar to that of (13). 

The initial values of deviation will be known from calculation from 
recursion formulas (14) for the (n-1)th and the n-th pulses subject to dis- 
tortion. 

Thus, we may determine the relation between the value of distortion 
and phase deviation, the noise duration and duration of the transient process, 
as well as the influence of parameters (Co, C3, %4, ¥3, T2), combinations 
of pulses at the input of the system and shape of voltage at the secondary 
winding of Tr on the phase deviation. 

Figure 5 shows the curve for phase deviation as calculated for the 
system represented in Figure 2 with the indicated parameters as a function 
of pulse distortion. Pulse distortion in percent of pulse duration is shown 
by the straight lines. 
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Figure 5 


Let us examine the influence of fixed biasing of pulses on phase devia- 
tion by taking the example of negative-pulse biasing. 
Using Equation (7), we may write for the end of the first and second 
periods the following system of Equations (Figure 6): 


n 
the (% + v) = al) 4, (x) + Y al) a, (x) + Of) sy, 


a=2 


n 
tle +I) = aa (x+y+ Y al a, (e+) + Of) sy 
c==3} 


(SS ily Poca @) 
Eliminating from the second Equation ;(n+ v) and m(n+v), we 
obtain a system of difference equations of the form 


Tig (% +1) = Agi tr (x) + XY Ay, 1, (x) -+ BySt + 00) So, (15) 
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where 

a=2 
A= Sat af, 

i=1 

Ba = Yoo al, 
i=1 
Pe Pa oath i Ie Batty) 

For the example under discussion 
the system of Equations in (15), solved 
in terms of 7, (x) in initial variations, for 
a phase deviation y(x) yields a second- 
order difference equation 

¥(% + 2) — (Ay + Age) ¥(* + 1) + 
(Ay:Ag2 — Ay2An) 7 (4) = £51 + EoSp (16) 


where 
E, = By, (1 — Ag) — Ay2Bn, 
E, =v?) (1 — Ago) — Aygo??? 


Solution of this equation for the case 
of complex roots (Zz; » = a+ js) yields 


(x)= [! TREES cos (sx + |. 
Figure 6 
where 
2) he Eys, + Eos2 
rat 1 — Ay — Ax — AnAn— AvAn’ 
tg¢= N 4-coss 
sins 
w= t(H —1), 
(AVS 
tgs=—, p= V@ + 6? 


Figure 6 is the plot of the curve for the steady-state deviation e; as 
calculated for symmetrical pulse biasing from 0 to 40%. 


REFERENCES 


— 


Ya. Z. Tsypkin. Theory of Pulse Systems. Fizmatgiz, 1958. 

2.  A,I, Lur’ye. Some Linear Problems in the Theory of Automatic 
Contyolime Git lel Oo te 

3.  P.A, Kotov, B.R. Sergiyevskiy and V.I. Shlyapoberskiy. Principles 
of Telegraphy. VKAS, 1958. 

4, F.M. Kilin. Transient and steady-state processes in pulse systems 

with step-varying parameters. ' Avtomatika i Telemekhanika", 

1957, Vol; 18; No. 128 


Submitted January 20, 1961 


CORRECTING PULSE CHARACTERISTICS 
OF SHORT CABLE LINES 


E.V. Kordonskiy 


The report discusses one of the methods of increasing crosstalk 
attenuation between channels in a communications system with time-divi- 
sion multiplex and pulse-amplitude modulation. Experimental data are 
presented which show the efficiency of the proposed method in multiplexing 
short cable lines. 


One of the chief disadvantages of the system of multiplexing commun- 
ications lines with time division of channels and pulse-amplitude modula- 
tion (TD- PAM) is the relatively large crosstalk effect between channels. 
Due to these crosstalk effects, caused by distortion of pulses in the group 
channel (particularly in communications lines), until recently systems with 
TD-PAM could not be used for multiplexing of cable lines. 

This report describes a method of correcting the pulse characteris- 
tics of short cable lines which permits a considerable increase in immunity 
to crosstalk effects between channels. 

Let us investigate the origin of crosstalk effects between channels 
in a line or in the group channel of a communications system with TD-PAM. 

Let us assume that the amplitude-modulated rectangular pulses of 
three channels (Figure 1a) are fed to the line. Due to distortions introduced 
_ by the line, the shape of the pulses of the first, second and third channels 
varies as shown in Figures 1b, 1c and 1d, respectively. (For simplifica- 
tion of the figure we assume that the distorted pulses are triangular. The 
actual shape of the pulses at the output of the line is shown in Figure 2. ) 
The voltage at the output of the line (Figure le), just as the voltage at the 
input (Figure 1a), consists of the sum of voltages of the pulses of all chan- 
nels. After separating the signals corresponding to the individual channels 
from the group signal, we obtain in the receiver pulses (Figure 1f) with 
' amplitudes which vary due to the preceding pulses of the other channels of 
the system. 

In particular, for a communications line with propagation constant 
y=io/v + (1 + i) 2c V and length of / km the response to a short rectan- 
gular pulse with duration 4 < . (c/)* is defined by the formula {1] 


_— aieheg ~ ipen (Ska 
ray 2 Lio eas meee all) (1) 


nm (cl)- 


Here v is the velocity of the electromagnetic wave propagated along the 
line (km/sec); c is a proportionality coefficient depending on the type of line; 
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A is the amplitude of the rectangular pulse at the input of the line (expressed 
in volts); t? = t/(cl)?_ is the normalized time reckoned from the instant that 
the pulse reaches the end of the line. 

In accordance with formula (1), a pulse of any of the channels will 
have the form shown in Figure 2. The pulse of all subsequent channels, 
displaced to the right on the time axis, will be subject in varying degree 
to crosstalk influences from the pre- 
ceding channels. In order to decrease 
the value of crosstalk effects caused 
by distortions of pulses in the line we 
may resort to the method previously 
proposed for other purposes by Moss 
and Parks [1]. The essentials of the 


Figure 1 Figure 2 


method are as follows. From a pulse (Figure 3a) arriving at the receiver 
there is subtracted a pulse (Figure 3b) which is obtained from the received 
pulse by a delay of 7 and a change in amplitude by factor r. Figure 3c 
shows the resulting pulse. It is seen from this figure that there are cer- 
tain points A and B at which the instantaneous value of voltage is equal to 
zero. 

Let the aforementioned pulse belong to the first channel. Then, with 
positioning of the pulses of the second and third channels at points A and B, 
respectively, the crosstalk effects of the first channel prove to be extremely 
small. It must be pointed out that point A is located on a segment where 
the pulse slope is great. This indicates that with a small change in the 
conditions of pulse transmission (e.g. , with a change in cable temperature) 
there is a considerable increase in crosstalk influences on the second 
channel. Hence, it is advisable that the pulse of the second channel be 
positioned not in the vicinity of point A but in the vicinity of point B, since 
in this case a change in shape of the pulse at the output of the line does 
not cause a significant increase in crosstalk influences. Let us designate 
point B as the point of correction. By changing the delay time T and the 
amplitude ratio r we may obtain a point of correction at any preassigned 
point of the pulse characteristic. 

If we use two auxiliary pulses (of different polarity) with different 
delay, we may, by varying the amplitude relations, obtain correction points 
at any two preassigned points of the pulse characteristic. In this way we 
may considerably decrease the effect of crosstalk from the first channel 
on the two subsequent channels (if we position the pulses of these channels 
in the vicinity of the corresponding correction points). Similarly, with 
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three delayed pulses we may decrease the influences on three subsequent 
channels, etc. 

In addition to the crosstalk effects caused by distortion of pulses in 
the line, in a system with TD-PAM there arise crosstalk effects which are 
caused by the presence of circuits in the group tract which do not pass the 
direct component of the pulse (transformers, coupling capacitors). A 
pulse passing through one of these circuits will have the shape shown in 
Figure 4a. Under these conditions, in order to ensure adequate immunity 
to crosstalk extremely rigid requirements must be met in the amplitude- 
frequency and phase characteristics of the group tract at the low frequen- 
cies of the telephone channel (of the order of 300 cps). Considerable dif- 
ficulty is encountered in meeting these requirements, 
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Crosstalk effects caused by low-frequency distortion may also be 
somewhat decreased by application of the above principle. The only dif- 
ference lies in the fact that in order to decrease crosstalk effects caused 
by low-frequency distortion of pulses it suffices to add to the distorted 
pulse (Figure 4a) one delayed pulse of the same amplitude and shape but 
of opposite polarity (Figure 4b). The result (Figure 4c) is a considerable 
decrease in crosstalk. It must, however, be pointed out that there is 
considerable attenuation of the low-frequency components of the signal. 

On the basis of the above considerations we developed a pulse- 
characteristic corrector, the block diagram of which is shown in Figure 5. 
As is seen from the figure, the corrector consists of section 1, section 2, 
and an amplifier Amp. At the input of section 1 the pulse travels three 
paths: to delay line DL-1, to delay line DL-2 and to adder Add-1. Each 
of the delay lines is followed by an “attenuation box” (At-1 and At-2, 
respectively). These permit varying the amplitude ratio of the pulses 
within required limits. In addition, by means of phase inverter P1 the 
polarity of the pulse with shortest delay is changed. Addition of all three 
pulses is achieved in Ad-1. Thus, section 1 decreases the crosstalk effect 
caused by distortion of pulses in the communications line. The pulses then 


69 


Section 2 
ATID! eawiAddl2 


Figure 5 


[= 
1B) Rey we ihre 


reach the input of the amplifier Amp, which compensates for losses intro- 
duced by the line and the corrector. From the output of the amplifier the 
pulses proceed to section 2, wherein the crosstalk effects caused by low- 
frequency distortion in the group tract are decreased. In this section the 
input pulse is summed with a delayed pulse of the same amplitude and 
shape but of opposite polarity. 

The point of insertion of the pulse-characteristic corrector into 
equipment with TD-PAM as well as the point of insertion of section 2 into 
the corrector are largely determined by the nature of operation of section 
2. As stated above, in section 2 the amplitudes of low-frequency compo- 
nents of the input signal are considerably reduced. This is of great impor- 
tance for the suppression of low-frequency noise from the line and also for 
the suppression of oscillations at the frequency of the communications net 
and its harmonics penetrating into the group tract of the system. Hence, 
the pulse-characteristic corrector must be inserted at the receiving end 
of the equipment and section 2 must be placed after the other group devices. 
Of course, with such construction ofthe corrector circuit the correction 
points obtained by adjustments in section 1 will be displaced due to the change 
in pulse shape caused by section 2. This must be taken into consideration 
in using the corrector. 

As already stated, in order to obtain n correction points it is necessary 
to have n delay lines and n attenuators in section.1. However, measure- 
ments have shown that section 1 with only two delay lines and two attenua- 
tors in most cases provides correction points not only for two but also for 
a large number of channels. With a large number of delay lines for circuit 
of section 1 becomes complex and the correction process is considerably 
prolonged. The use of sections with more than two delay lines does not 
provide substantial advantages over simpler sections (with two delay lines). 

Measurement of the pulse characteristics was performed with the use 
of a “pulse-response meter” (PRM). This instrument [2] permits meas- 
urement of the pulse characteristics of linear four-terminal networks over 
a range of instantaneous values of 10,000 to 1. The PRM was used to 
obtain the corrected pulse characteristic shown in Figure 6 for a cable of 
type TG with conductor diameter 0.5 mm andlength 3.4 km. For the 
sake of convenience this and the subsequent characteristics are shown with 
a log scale on the amplitude axis. 

Since the pulses of adjacent channels in a system with TD-PAM are 
spaced at identical distances, in order to decrease crosstalk effects between 
channels it is necessary that the correction points be created with identical 
spacing equal to the distance between the pulses of adjacent channels. We 
shall refer to this distance as the correction interval. 

In the curve in Figure 6 the correction interval was chosen at 3.1 
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microseconds. This means that if rel units 


we place the pulse of the first chan- 200 

nel in the vicinity of point 1, the pulse 199 
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The immunity is equal to the natural 

logarithm of the ratio of pulse ampli- Figure 6 


tude (2900 relative units in the given 
figure) to the instantaneous value of 
pulse voltage at the point where there is located the pulse of a channel sub- 
ject to crosstalk (measured in the same units). For all channels except 
the fourth channel this value exceeds 8 nepers. For the fourth channel it is 
approximately 6.9 nepers. Such values of immunity are wholly adequate 

if a group compandor is used in a system with TD-PAM. 

The pulse characteristics of a cable change slightly with change in 
cable temperature. The result is that there occurs a displacement of the 
correction points relative to that instant at which the maximum value of 
the pulse of the following channel occurs. In this case, in order to avoid 
crosstalk, a slight increase in the correction interval is necessary. This 
decreases both the instantaneous value 

of the pulse in the vicinity of the cor- 
- rection point and its slope at this point. 
In this case, even with a considerable 
change in cable temperature the value 
for immunity will lie within normal 
limits. If we consider the possible 
changes in conditions of pulse trans- 
mission in the line for which the pulse 


pulse characteristic 
of uncorrected 
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characteristic is given in Figure 6, the correction intervals must be some- 
what greater than 3.1 microseconds. This results in a decrease in the 
number of channels which may be multiplexed in this line. 

The advisability of using a corrector may be determined by compar- 
ing the pulse characteristics of a given cable before (Figure 7) and after 
correction (Figure 6). The pulse characteristic in Figure 7 shows that 
without the use of special measures multiplexing in the given cable is not 
possible in a system with TD-PAM. After correction, this same cable 
may be multiplexed in a multichannel system with PAM. 

The difference in the experimental (Figure 7) and theoretical (Fig- 
ure 2) pulse characteristics arises chiefly due to pulse distortions in the 
line transformer. In particular, the negative part of the experimental 
pulse characteristics in this case is explained by low frequency distortion 
introduced by the line transformers. 

Pulse characteristics with correction and without correction were also 
measured on a cable of type TG with conductor diameter of 0.7 mm, ona 
cable of type MKSB-60 with conductor diameter of 1.2 mm and on a coaxial 
cable with conductor diameters of 2.6/9.4 mm. The results of these meas- 
urements also confirmed the effectiveness of using a corrector to decrease. 
crosstalk effects. 

Figure 8 gives another example of the corrected pulse characteristic 
of a TG cable with conductor diameter of 0.7 mm and length 3.7 km. In 
this case the correction interval was 2.6 microseconds. This indicates 
that the given lines may be multiplexed in a 48-channel system with PAM. 
Taking into consideration possible temperature changes, the number of 
channels should be decreased slightly. 


CONCLUSION 


The data given in this report show that the described method of pulse- 
characteristic correction permits a considerable decrease in crosstalk 
effects arising between channels due to pulse distortions in the line and in 
the group channel of equipment with TD-PAM. The result is that it becomes 
possible to use multichannel systems with TD-PAM for multiplexing of short 
cable lines. 
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BRIEF COMMUNICATIONS 


CONFIDENCE INTERVALS FOR MEAN OPERATING TIME 
OF A SYSTEM OF ELEMENTS HAVING EXPONENTIAL RELIABILITIES 


G.B. Linkovskiy 


On the basis of B.R. Levin’s investigations [1, 6] and experimental 
data let us discuss the establishment of confidence intervals. 

One Element. The mean operating time T; of an element with expo- 
nential reliability is the probability density parameter 


Py (t) = Tj exp (—t7;"). (1) 


With optimum processing of sample values t;, tz, ..., ty by the 
maximum likelihood method [2] we obtain the empirical value ie: 


5 
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The confidence interval will be 
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(3) 
where Yq(z) is the reduced incomplete gamma function [3]. In view of the 
asymptotic normality of Tj* we may also use the simpler formula 


Peplereen| | DTj <1; <7j+ 


\ 


(- 3) : 


where the right member contains the tabulated function [3]. 

System without Failure. In the case of n series-connected elements 
we may, without knowing the mean operating time Tj of each element and 
by observing the time tj (i=1, 2, ..., N) of the first outage of the system, 
find the empirical value of T* (1, n) 
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N 
TFi,n)=N—"D tj. (5) 


f=! 


Formulas of the form of (2) and (3) will then be used. At the same 
time, if we know the empirical values of Tj* with dispersions of DTj* 
(j= 1, 2, ..., n) according to the first paragraph, by using the Cramer 


—_— ce el \_ ~ 
theorem for asymptotic normality of the function T* (1, n) = & Tp eit 


is not difficult to establish the confidence interval for mean time Ge (35 n): 
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and rss are given for the same number of trials N. 

For the case of m parallel-connected elements, on the assumption 
that all the elements are connected at t = 0 (that is, on the condition of so- 
called “hot standby”), it may be shown that with identical reliability of 
elements the tested reliability of a single element must serve as the guid- 
ing criterion. The empirical meantime T* (m, 1) will be 


T* (m,1) = TT? * (8) 


K=1 


The formuta for the confidence interval will be similar to (4), wherein 
m 
D7* (m, 1) 2 NT? (Ye) (9) 
£=) 


Further, for the case of m parallel-connected elements with identical 
reliability and mean operating time the empirical reliability of any k-th 
element 


ry 1 Cs | 
; 10 
P* (t) = at (xo tT) (10) 


has asymptotically normal distribution with the mean and the dispersion 
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The confidence interval for P(t) is established similarly to (4). 
With “cold standby” the empirical mean operating time without fail- 
ure for a system of a m parallel elements T* (m, 1) 1 also has 
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asymptotically normal distribution with 


MT*(m, 1) = T*(m, 1), (13) 
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System with Redundancy. We shall limit discussion to the case of 
connection of a standby assembly with a main assembly containing n series- 
connected elements with redundancy by division into r groups with n/r ele- 
ments in each group. Then the empirical mean operating time of the sys- 
tem without failure T*(n/r)(2, r) also has normal asymptotic distribution 
with 


MT airy (2, r) = Tos Pe): (15) 


° aad Gp 
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where N is the number of tests for a given element. Here again a formula 
with the form of (4) is suitable. 

Similar considerations apply to the case of connection of a standby 
assembly of equipment after outage of the main assembly. 

The author expresses his thanks to V.I. Siforov, Corresponding 
Member of the Academy of Sciences USSR, for his discussion of the results 


of this work. 
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ADDITION OF DIRECT VOLTAGES 
BY THE GEOMETRIC SUMMATION FORMULA 


V.S. Mel’ nikov 


STRUCTURE OF CIRCUIT 


Engineering practice sometimes calls for the addition of direct volt- 
ages by the geometric summation formula, that is, determination of E from 
the formula 


E= V E24 E34 2E\E2 cose, (1) 
where E, and E, are the summed direct voltages and ¢ is the relative 
phase shift between voltages if they are regarded as vectors. 

This problem arises particularly in dealing with an ideal receiver 
(after Kotel’ nikov) if transmission of each signal is achieved by two 
orthogonal functions. In this special case the relative phase shift between 
voltages is 90° (y= 90°) and formula (1) takes the form 

E=V +83. (2) 

Summation of two direct voltages by formula (1) or (2) presents 
obvious difficulties since direct voltages are by their very nature scalar 
quantities and cannot reflect relative phase differences between them to 
alternating voltages with a given phase shift, summing the alternating volt- 
ages and performing linear detection of the total voltage. A disadvantage 
of this method is the complexity of the solution in terms of circuit design. 

In those cases where the indicated geometric summation of two direct 
voltages may be achieved with predictable error and when the relative phase 
shift does not exceed 90° we may propose a circuit containing passive ele- 


ments onlyl. This circuit operates on the basis of the following considera- 
tions. 


If we consider the sum 


E, = E,cosx +E. cos(z—x), (3) 


where x may take any values within the limits 0< x < y, it may be shown 


that the maximum of this sum Ex yygx will equal the desired geometric sum, 
that is, 


£xmax= & = 


= V E? +E3 +2E ,E.cosp (4) 


The described circuit operates on the principle of selecting the 
maximum value of the sum (3), 


‘ Author’ s Certificate No. 129742, published in Byulleten’ Izobreteniy 
(Bulletin of Inventions), No. 13, 1960. 
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Direct voltages E; and E, are applied to two voltage dividers (Fig- 
ure 1) so that the potential differences between point A and points 1, 2, 3, 
etc. , to n obey the law of E, cos x, whereas the potential differences be- 
tween points 1', 2', 3', etc., to n', on the one hand, and point B, on the 
other, obey the law of E, cos (g - x). 

If we successivley connect points 1 and 1', 2 and 2', etc. , ton and n!'", 
we may determine that connection at which the potential difference between 
A and B is maximum. In the general case, this maximum will be approxi- 
mately equal to 


V e+e? +2E,E. cose . 
(approximately, because the number of points n is finite. ) 

These connections may be achieved automatically if we join points 1 
and 1', 2 and 2', etc. ton and n' through diodes in the direction as shown 
in Figure 2. In this circuit the diode will be open at which the maximum 
value of the sum acts. 

All other diodes will be closed, for the voltages acting on them in 
the forward direction will be less 
than the cutoff voltage across the 
open diode. 


> 


Figure 1 Figure 2 


As already stated, in the general case the circuit gives the approxi- 
mate value of the geometric sum of direct voltages E; and E, since the 
points of connection of the diodes may not coincide with the point of the 
maximum sum 


E, = E, cos x + Ey cos (7 — x). 


In this case that diode will operate which is closest to the point of the 
maximum (to the right or left) and the voltage at the output (between points 
AB) will be less than Ex max = E. The greater the number of diodes in the 
circuits, the closer the coincidence of the output voltage and the geometric 
sum. However, this general rule does not facilitate construction of an effi- 
cient circuit from the engineering standpoint, that is, it does not facilitate 
construction of a circuit with error not in excess of the admissible error 
by using a minimum number of diodes. 


EVALUATION OF ERROR2 


Error of the circuit is defined by the ratio of the voltage Ey obtained 
at the output of the circuit to voltage E, the geometric sum of voltages FE; and E. 


0% 


Evaluation of error is conveniently performed after replacing the 
variables in Equation (3) on the basis of the following relations: 


Ecos1 = £,+ E,c¢os? (5) 
E sinz = Eysin? 


Validity of these relations is easily seen from Figure 3. 
Solving the system of Equations (5) for E, and 
E,, we obtain 


sinz 
= 


(6) 


sing 
Figure 3 E, = E (cos 1— cotg ¢ - sin 2) 


Here @ may vary from 0 to 9. 
If we insert the resulting expressions for E; and E, into the general 
equation for Ey (3), after simple transposition we may obtain 


As 


S == iCOS|(% — 2). (7) 


Equation (7) shows the relative change in total voltage Ex acting upon 
one of the diodes as a function of the change in relation between the summed 
voltages (change in qQ) and with a fixed value of x according to the position 
of the examined diode. 

This relative change is represented graphically in Figure 4 on the 
assumption that the diode is connected at point x; The dashed curve in 
this same figure shows this relationship for another diode but connected 
at point xX». 

It is seen from Figure 4 that with a = 1 the first diode operates and 
the output voltage Ey= Ex is equal to E. With an increase in @ the output 


2x1 
2 ) at the 


voltage will decrease, reaching a minimum Eyyjjy = E cos ( 


F xy + : : : 
point a= Sarwe . A further increase in @ leads to connection of the second 


diode, blocking of the first diode, and again to an increase in output voltage 
Ey = Ex, which reaches its maximum E with @= x» (x, corresponds to the 
point of connection of the second diode). 
This process is entirely repeated in 
—Exs (t,-a1) i eombiae) switching from the second diode to the third, 
iP Cclt ha th from the third to the fourth, etc., in propor- 

x ‘ tion to the change in the relation between the 

summed voltages, that is, according to the 

change in angle a, 


' 
' 
' 

' 

' 

i 

x% 


Tr ¥ Consequently, in each of these cycles 
ash the output voltage reaches its minimum when 
Figure 4 the relations between voltages E; and E, are 


such that angle a assumes the mean position 
between the coordinates (angular) of connection of the two nearest diodes. 
If the angular intervals between the points of diode connection are equal 
and E is constant regardless of changes in E; and Ey, then the minimum 
values of output voltage will also be equal. 


*We consider only the error determinable in principle from a finite 
number of diodes. The error ina real circuit may be greater due to Ry, # 
# oo and nonidealness of the diodes (see page __). 
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and E is constant regardless of changes in E, and E,, then the minimum 
values of output voltage will also be equal. 

By placing the extreme diodes not at points x = 0 and x = ¢y (k varies 
from 0 to ¢) but moving from these extremes into the operating interval by 
values equal to half the interval between diodes, we obtain E, = E when 
E; = 0 and E, = 0 when E, = E, that is, the same values of output voltage 
as at the minimum points. 

Such placement of the diodes is optimum since therein, with a given 
number of diodes, n, the error of the circuit will be minimum and numeri- 
cally equal to 


Es min = cos (=) 8 
E ma Onijar (8) 


VOLTAGE DIVIDER CALCULATIONS 


Calculation of the resistances of the voltage dividers presents no 
particular difficulties if it is considered that the voltage at the k-th point 
2 — 1) 
of diode connection will be proportional to cos (Soar and that the total 
resistance of each divider of voltages E, and E, is equal to R. 
Since the resistance in a series circuit is proportional to the applied 


voltage, we obtain 
2 ’ 
Ri = Rit — cos se 
pes R| cos O> — 
2n 


coe SDE] 
2n (9) 
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aie 
Rig = R| cos "=F _ cos 9 | 


Ro = Reos 


(2n—1)9 
r-elaty em RE0S neg) ef 


Calculation of divider resistances 
from the derived formulas predetermines 
optimum structure of the circuit. 

The resistance notation in formulas 
(9) corresponds to Figure 5, which shows 
the circuit of a unit for achieving addition 

°B of direct voltages by formula (1) at any 9 
Figure 5 from 0 to 90°. 

The described circuit is also suitable 
for the addition of two pulse voltages by 
formula (1). It need only be kept in mind that summing will be performed 
for the instantaneous values of pulses acting simultaneously on the circuit. 


May 3, 1961 
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Diode coincidence circuit. 

Class 21a!, 36, No. 136774. S.V. Rypayev. Regenerative diode 
device for comparison of sawtooth reference voltages. 

Class 21a!, 36, No. 136776. N. Ye. Miloserdov. Dynamic trigger. 

Class 21a!, 36, No. 13677. A.D. Bekh. Pulse-delay circuit. 

Class 21a’, 36, No. 136778. M.M. Matveyev. Device for shaping 
rectangular pulses. 

Class 21a”, 180,;, No. 136415. O.N. Gabudatov. Pulse amplifier. 

Class 21a’, 189g, No. 136416. V.V. Rakovskiy. Push-pull amplifier 
stage. 

Class 21a’, 180g, No. 136779. V.S. Daniel’-Bek. Device for con- 
trol or amplification of electric current. 

Class 21a?, 189,, No. 136780. Yu. S. Simonov. Transistor am pli- 
fier stage. 


*Photocopies of authors’ certificates and of foreign patents (descrip- 
tion in original language and drawings) may be obtained in person or by mail 
from the Engineering Patent Library: Moscow, Tsentr, Proyezd Serova, 
4, Pod’ezd 72. For information phone B 8-64-52. 
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Class 21a’, 189g, No. 136781. B.I. Strelkov. Emitter follower. 

Class 21a?, 364;, No. 136782. B.V. Bolotov. Method of automatic 
level control in long-distance multichannel communications systems. 

Class 21a3, 2210, No. 136783. A.V. Kotov. Hold mechanism for 
multiple crossbar switching. 

Class 21a, 369;, No. 136417. V.A. Godlevskiy and M. L. Voront- 
sova. Method of limitng outgoing calls in automatic long-distance tele- 
phone systems. 

Class 21a3, 6730, No. 137139. B.S. Livshits and S.V. Levina. 
Method of receiving inductive signals. 

Class 21a‘, 692, No. 137140. V.S. Andreyev and V.I. Vasil’ yev. 
Switch keying frequency divider. 

Class 21a*, 8,;, No. 137141. A.P. Borisov. Highly stable wide- 
bnad, self-excited triode microwave oscillator. 

Class 21a‘, 802, No. 136784. Yu. A. Nartov and Ye. T. Nartova. 
Audio oscillator. 

Class 21a‘, 10, No. 136785. P.G, Pozdnyakov. Vacuum-sealed 
quartz resonator. 

Class 21a‘, 13, No. 137142. Related to Author’s Certificate No. 
119207. N.S. Fuzik. Method of increasing operational reliability of radio 
transmitters. 

Class 21a, 14, No. 136418. V.I. Turchenkov. Ring demodulator. 

Class 21at, 149;, No. 136786. Ye. B. Isserlin. Rectangular-pulse 
generator. 

Class 21a’, 149,, No. 136787. Ye. B. Isserlin. Pulse generator. 

Class 21a‘, 2205, No. 136788. A.P. Zelenin. Method of suppressing 
impulse interference in FM radio reception by controlling tuned-circuit 
resonance frequency. 

Class 21a*, 354,. No. 186419. A.N. Korablev. Electronic voltage 
regulator. 

Class 21a‘, 4843, No. 136790. V.A. Bubunin and L.M. Zak. Loop 
coupler for cutoff attenuator. 

Class 21a, 48,, No. 136420. B.V. Setsroretskiy and A.A. Romanov. 
Mechanical waveguide switch. 

Class 21a‘, 487,;, No. 136421. A.M. Marshov. Method of suppres- 
sing stray signals received through side lobes of radiation pattern. 

Class 21a4, 68, No. 136791. A.A. Leonov. Variable inductor. 

Class 21a’, 71, No. 136423. I.A. Barsukov and E.I. Zelichenko. 
Oscillographic method of measuring fluctuations in voltage amplitude and 
a device for this purpose. 

Class 21a‘, 71. No. 136792. M.I. Gryaznov. Device for measur- 


ing pulse duration. 
Class 21a’, 71. No. 136793. V.V. Makarov. Measuring rise and 


decay time of pulse signals. 
Class 21a‘, 71, No. 136794. Ye. N. Belikov and L.M. Zake. 


Bolometric DC bridge for measurement of microwave power. 
Class 21a!, 71, No. 136795. L.A. Lubyantsev. Device for meas- 


uring signal-carrier voltage in pulse-amplitude modulation. 
Class 21a4, 71, No. 136796. P.N. Razumnov. Device for testing 


receiving and amplifying tubes, 
Class 21a!, 71, No. 186797. A.S. Drozdov. Device for microwave 


impedance measurement. 
Class 21a4, 71, No. 136798. M.P. Atrazhev and L. M. Dykhnenko. 


Oscillographic method of determing time distribution of pulses and a 
device for this purpose. 
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Class 21a, 71, No. 136799. Yu. K. Pozhela and A.I. Vebra. Semi- 
conductor method of measuring transmitted microwave pulse power. 

Class 21a‘, 71, No. 136800. I.M. Bleyvas. Probe head of device 
for tracing particle trajectories in electric and magnetic fields. 

Class 21a4, 71. No. 136801. F.A. Truten’ and V.A. Truten’. 
Device for measuring short time intervals. 

Class 21a!, 71, No. 137143. Related to Author’s Certificate No. 
122789. L.S. Shishkin. Method of measuring power delivered to load by 
an RF oscillator. 

Class 21a4, 71, No. 137144. I. A. Glozman, M. Ya. Gel’fand, A.V. 
Yakobson, V.A. Fedorov and L. Z. Rusakov. Device for investigation of 
piezoelectric converters. 

Class 21a‘, 71, No. 137145. R.A. Valitov, I.N. Mirnyy and V.V. 
Kesler. Device for measuring microwave field intensity and transmitted 
power in free space. 

Class 21a‘, 7294, No. 136802. A.V. Shandorin. Commutating ele- 
ment of antenna switch. 

Class 21c, 199g. No. 136431. K.N. Danilevskiy and V. V. Shakhnovich. 
Device for widing and unwiding flexible cable on a self-propelled machine. 

Class 21c, 1997, No. 136432. G.A. Gedovius, A.V. Vaynson, Yu. Ye. 
Lemeshek and E. P. Severionova. Plow-type cable-laying trailer. 

Class 21c, 1997. No. 136433. G.A. Gedovius, A.A. Vaynson, I. A. 
Marchenko and E. P. Severinova. Plow-type cable-laying trailer. 

Class 21c, 29, No. 136806. N.G. Mordukhovich. Subminiature 
switch. 

Class 21c, 459,, No. 186807. Ye. I. Tenyakov and V.A. Ivantsov. 
Multicontact switch, electronic-mechanical. 

Class 21c, 459,, No. 136808. Yu. A. Yurkin and M.F. Bel’der. 
Mechanical multicontact switch for commutation of low-level electrical 
signals. 

Class 21c, 64 9, No. 136440. G.M. Vedeneyev. Pulse-width 
modulator for semiconductor amplifiers. 

Class 21d2, 129,, No. 136451. R.N. Shumilov. Phase-sensitive 
rectifier. 

Class 21d? , 49, No. 137178. R. Kh. Balyan. Low-power trans- 
former. 

Class 21d? , 539), No. 137179. L.M. Al’tshul’. Saturable-core 
voltage regulator. 

Class 2le, 11o;, No. 136457. S.G. Savin. Optical device for applica- 
tion of time marks on loop oscilloscopes. 

Class 2le, 11o,, No. 136817. L.D. Sil’ vestrov. Device for record- 
ing electrical signals. 

Class 2le, 279), No. 136818. I.N. Prudnikov andM. Ye. Mazurov. 
Measuring device based on application of the Hall effect. 

Class 2le, 299;, No. 136459. A.A. Burnashev. Impulse megohm- 
meter. 

Class 2le, 299), No. 136460. M.A. Gavrilyuk. Automatic AC bridge. 

Class 2le, 29), No. 136461. V.I. Kuvychkin and A. Ye. Zuyev. 
Multichannel bridge measuring circuit. 

Class 2le, 2993, No. 136462. Yu. A. Brammer. Method of meas- 
uring self-capacitance of inductors. 

Class 2le, 2949, No, 137184. A.V. Nitsiyevskaya and A.B. Aronov. 
Method of determining distance to cable fault. 


Clas 2le, 3040, No. 136465. L.S. Sitnikov and R.D. Baglay. Method 
of measuring resistance. 
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Class 21e, 36, No. 136819, A.M. Kapelevich. Wattmeter. 

Class 21g, 1o,, No. 1836472. N.N. Ivanushkin. Device for protection 
against breaks in wound conductors. 

Class 21g, 1349, No. 136826. O,A. Vasiliskov. Method of achieving 
flyback in cathode-ray indicator tube. 

Class 42a, 16, No. 136568. I.M. Vedeneyev and I.D. Belkin. 
Method of replotting oscillograms. 

Class 42a, 16, No. 136890. A.M. Yershoy and M.M. Kulichenko. 
Device for statistical processing of oscillograms. 

Class 42b, 2693, No. 136894. Ya. M. Tseytlin and M.I. Nezhel’ - 
skaya. Miniature photoelectric transducer. 

Class 42d, 10, No. 136903. A.B. Chelyustkin and S.A. Doganovskiy. 
Variable delay section. 

Class 42g, 100,, No. 136926. V.V. Khyazevskiy. Magnetic method 
of recording pulse-signal amplitudes. 


FOREIGN PATENTS 


USA PATENT, Class 178-5.4, No. 2938072, 24.05.60. Macovski. 
(Radio Corp. of America) Color Television receiver circuits. 

Several circuit variants are proposed for elimination of flare spots 
appearing on television screeen due to sync bursts at instant of flyback; 
the proposed circuits blank the color demodulators during sync bursts. 

USA PATENT, Class 331-158, No. 2939089, 31.05.60. Fedde (Philco 
Corp. ) Signal generating circuit. 

Circuits for synchronization of subcarrier oscillator in color tele- 
vision receiver; distinguished by use of the same quartz crystal as a filter 
and as an oscillator. 

USA PATENT, Class 250-27, No. 2941072, 14.06.60. Loughlin 
- (Hazeltine Research, Inc.) Chrominance-signal component selection 
system. Proposes a television receiver with kinescope with color bands 
and focusing mask. 

USA PATENT, Class 313-68, No. 2925506, 16.02.60. Vasilevskis 
(Philco Corp.) Electrical apparatus. 

A method for concentration of beams in a color television receiver. 

USA PATENT, Class 315-13, No. 2880361, 31.03.59. Massman 
(Motorola, Inc.) Color television receiver. 

Dynamic convergence circuit for three-gun shadow-mask kinescope. 

BRITISH PATENT, Class 40(1), 40(4), 40(0), No. 845506, 24.08.60. 
French (Her Majesty’s Postmaster General) Improvements in or relating 
to decoding equipment. 

Circuits for coding, decoding and translation of codes for automatic 
telephone exchange. These circuits are based on toroidal magnetic cores. 

FRENCH PATENT, Class H04m, No. 1230612, 19.09.60. Lucas. 
Improvements in telephone concentrators, 

Lucas. Perfectionnements aux concentrateurs de trafic telephonique. 

The concentrator consists of: subscriber sets, trunk-line assemblies, 
trunk matrix, coding and decoding unit, code transmitter and receiver. 

USA PATENT, Class 179-15, No. 2936337, 10.05.60. Lewis (Bell 
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Telephone Labs, Inc.) Narrowband image transmission. ; 

Video telephone with storage tubes for transmission and reception. 
Interleaved scanning with channel width of 4000 cps. 

USA PATENT, Class 178-5.4, No. 2938071, 20.05.60. Pritchard 
(Radio Corp. of America). Color television matrix demodulator. 

A circuit for color signal demodulators using three transistors. 

USA PATENT, Class 178-5.4, No. 2942060, 21.06.60. Richman 
(Hazeltine Research, Inc.) Signal-translating system for color television 
receiver. 

A color television circuit with galvanic coupling in all video channels. 

BRITISH PATENT, Class 40(3), No. 849622, 28-09.60. Billin 
(Electric and Musical Industries Ltd.) Improvements relating to colour 
and monochrome television transmitters and receivers. 

A method for disconnection of the color channel during mononchrome 
reception. A slight change in audio-carrier frequency is proposed in 
monochrome transmission. 

BRITISH PATENT, Class 40(3), No. 852506, 26.10.60. Ivanhoe 
(Electric and Musical Industries Ltd.) Improvements relating to the 
generation of colour television signals. 

Proposal for a color television camera with one tube with storage 
electrode. 

USA PATENT, Class 328-187, No. 2939085, 31.05.60. Foster 
(Ohmega Labs). Means for producing color signal waves. 

A device for obtaining color bars for control of television receivers. 
Contains a subcarrier generator, delay line, 10 multivibrators and 10 
damping tubes. 

SWISS PATENT, Class 21la!, 32/50, No. 345032, 29.04.60. Unit 
for reproduction of television images by means of an excitable layer and 
a separate light source. 

(Ges. zer Fo6rderung der Forschung an der Eidg. Technischen 
Hochschule) Einrichtung zur Wiedergabe eines Fernsehbildes mit steuer- 
schicht und separater Lichtquelle. 

Proposes an optical device for the light modulator. 

WEST GERMAN PATENT, Class 21a!, 33/70, (H04n), No. 1072651, 
30.06.60. Gillner (Blaupunkt-Werke G.m.b.H) Proposes use of the 
second IF amplifier tube of the video section of a television receiver as 
the second mixer for reception of FM radio broadcasts at ultrahigh fre- 
quencies, 

Gullner (Blaupunkt-Werke G. m.b. H) Fernseh-und VKW-Rundfun- 
kempfangsgerat. 

BRITISH PATENT, Class 97(1), No. 850062, 28.09.60. Thompson. 
Device for providing three-dimensional effect intelevisionor other pictures. 

It is proposed that a stereoscopic effect be produced by using several 
types of coating on the screens of picture tubes. The coatings consists of 
several layers of curved transparent material. 

BRITISH PATENT, Class 39(1), No. 850167, 28.09.60. Bull (Elec- 
tric and Musical Industries Ltd.) Improvements in or relating to circuit 
arrangements including electron discharge devices and deflecting coil 
systems therefor, 

Proposes a deflecting system for wide-angle kinescopes. 

USA PATENT, Class 313-76, No. 2939978, 07.06.60. Irvine 
(Canadian Admiral Corp.) Deflection yoke. 

Proposes a method for improving horizontal linearity by means of 
eddy currents induced in a conductive sheet. For this purpose a sheet of 
aluminum is placed between the horizontal coils and a ferrite core. 
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USA PATENT, Class 178-5.8, No. 2882337, 14.04.59. Squires 

(Sylvania Electric Products, Inc.) Regulation system for television 
receiver sweep circuits. 

Proposes a circuit for stabilization of the receiver’s accelerating 
voltage and the image in the horizontal direction. 

BRITISH PATENT, Class 40(3), No. 850024, 28.09.60. Jesty 
(Sylvania-Thorn Colour Television Labs Ltd.) Improvements in or relating 
to television systems. 

Proposes a television receiver in which, in addition to the usual 
horizontal and vertical sweeps, the electron beam has additional oscillations 
in the vertical. This eliminates line crawl. 

WEST GERMAN PATENT, Class 21a!, 33/50, (H04n), No. 1072264. 
23.06.60. Altmann (Blaupunkt-Werke G.m.b.H.). Proposes a method 
for eliminating lag in the positive portion of a differentiated horizontal pulse 
used as the plate voltage of an AGC tube. This phenomenon is observed in 
kinescopes with beam deflection of 110°. 

USA PATENT, Class 178-7.3, No. 2942062, 21.06.60. Macovski 
(Radio Corp. of America). Noise clipping circuitry for television re- 
ceivers. 

Proposes a method of limiting noise when its amplitude exceeds that 
of the sync pulses by using the grid current of the AGC tube. 

BRITISH PATENT, Class 40(5), No. 853576, 09.11.60. Goff (The 
Plessey Co. Ltd.) Improvements in or relating to systems of automatic 
gain control. 

A proposal for improvement of television AGC by changing the cir- 
cuit by applying bias voltage to the tube in such manner as to create a dif- 
ferent delay voltage at the different stages. 

USA PATENT, Class 178-5.4, No. 2943144, 28.06.60. Wlasuk 
(Radio Corp. of America) Television test equipment. 

Proposes a color bar generator for black, red-greeen, white, red, 
red-blue, blue, blue-green, green-blue, green. 

BRITISH PATENT, Class 40(5), No. 849852, 28.09.60. Galpin 
(E. K. Cole Ltd.). Improvements in or relating to synchronizing circuits 
in television receivers. 

For the phase detector circuit it is proposed that there be used 

‘negative polarity of the flyback pulse, for which purpose the point of inser- 
tion of the damper circuit capacitor is changed to the horizontal trans- 
former. widing. 

WEST GERMAN PATENT, Class 21a!, 35/10, (H04f, H03k), No. 
1072652, 07.07.60. Rappold (Standard Elektrik Lorenz Akt. -Ges. ) 
Proposes circuits which permit conpensation for the differention of video 
signals in the video amplifier by integrating them in the selector circuit. 
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